world Intellectual property organization 

International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 : 

C07D 237/28, 417/12, 401/12, 403/12, 
A61K 31/495 



Al 



(11) International Publication Number: WO 97/34876 

(43) International Publication Date: 25 September 1997 (25.09.97) 



(21) International Application Number: PCT/GB97/00650 

(22) International Filing Date: 1 1 March 1997 (1 1.03.97) 



(30) Priority Data: 

96400533.4 15 March 1996 (15.03.96) EP 

(34) Countries for which the regional or 

international application was filed: AT et al. 



(71) Applicants (for all designated States except US): ZENECA 

LIMITED [GB/GB]; 15 Stanhope Gate, London W1Y 6LN 
(GB). ZENECA PHARMA S.A. fFR/FR); "Le Galien", I, 
me des Chauffeurs, Botte postale 127, F-95022 Cergy C6dex 
(FR). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): THOMAS, Andrew, Peter 
[GB/GB]; Alderley Park, Macclesfield, Cheshire SKI0 4TG 
(GB). HENNEQUIN, Laurent, Francois, Andre* [FR/FR]; 
Zeneca Pharma S.A., Centre de Recherches, Z.A. La Pom- 
pelle, Chemin de Vrilly, Boite postale 1050, F-5 1689 Reims 
C6dex 2 (FR). 

(74) Agent: MACK, John, Richard; Zeneca Pharmaceuticals, Intel- 
lectual Property Dept., Meres ide, Alderley Park, Maccles- 
field, Cheshire SK 10 4TG (GB). 



(81) Designated States: AL, AM, AT, AU, AZ, BA, BB, BG, BR, 
BY, CA, CH, CN, CU, CZ, DE, DK. EE, ES, Fl GB, GE, 
HU, IL, IS, JP, KE. KG, KP, KR, KZ, LC, LK, LR, LS, LT, 
LU, LV, MD, MG, MK, MN, MW, MX, NO, NZ, PL, PT, 
RO, RU, SD, SE, SG, SI, SK. TJ, TM, TR. IT, UA, UG ( 
US, UZ, VN, YU, ARIPO patent (GH, KE, LS. MW, SD, 
SZ, UG), Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, 
TJ, TM), European patent (AT, BE, CH, DE, DK, ES, FI, 
FR, GB, GR, IE, IT, LU, MC, NL, PT, SE), OAPI patent 
(BF, BJ, CF, CG. CI, CM, GA. GN, ML. MR, NE, SN. TD, 
TG). 



Published 

With international search report. 



(I) 



(54) Title: CINNOUNE DERIVATIVES AND USE AS MEDICINE 
(57) Abstract 

The invention relates to the use of cinnoline derivatives 
of formula (I), wherein Z represents -O-, -NH-, -S- or -Crfc-; 
m is an integer from 1 to 5; R 1 represents hydrogen, hydroxy, 
haiogeno, riitro, cyano, trifluoromethyl, Ci-3alkyi. Ci^alkoxy, Ci- 
3alkylthio or NR 6 R 7 (wherein R 6 and R 7 , which may be the 
same or different, each represents hydrogen or Ci-aalkyl); R 2 
represents hydrogen, hydroxy, fluoro, chloro, methoxy, amino or 
nitro; R 3 represents hydroxy, haiogeno, Cioalkyl, Ci-3alkoxy, C|. 
salkanoyloxy, trifluoromethyl, cyano, amino or nitro; R 4 represents 
hydrogen, hydroxy, haiogeno, cyano, nitro, amino, trifluoromethyl, 

Ci. 3 alkyl or a group R 3 -X' (wherein X 1 represents -0-, -Oh-, -S-, -SO-, -SCh-, -NRSCO, -CONR 9 -, -SOzNR 10 -, -NR^SCfc- or -NR 12 - 
(wherein R 8 , R* R 10 , R n and R 12 each independently represents hydrogen, Q-ijalkyl or Ci.3alkoxy C2-3alkyI) and R 5 is an optionally 
substituted alkyl, carbocyclic or heterocyclic group which may be saturated or unsaturated and may be directly linked to the cmnoline ring 
or be linked via a carbon chain which may have heteroatom linking groups within it and salts thereof, in the manufacture of a medicament 
for use in the production of an antiangiogenic and/or vascular permeability reducing effect in a warm-blooded animal such as a human being, 
processes for the preparation of such derivatives, pharmaceutical compositions containing a compound of formula (I) or a pharmaceuticaJly 
acceptable salt thereof as active ingredient and compounds of formula (I). The compounds of formula (I) and the pharmaceuticaJly acceptable 
salts thereof inhibit the effects of VEGF, a property of value in the treatment of a number of disease states including cancer and rheumatoid 
arthritis. 
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CINNOLINE DERIVATIVES AND USE AS MEDICINE. 



The present invention relates to the use of cinnoline derivatives in the manufacture 
of medicaments for use in the production of antiangiogenic and/or vascular permeability 
5 reducing effects in warm-blooded animals such as humans, to a method for the treatment of 
disease states associated with angiogenesis and/or increased vascular permeability, to certain 
such cinnoline derivatives for use in medicine and to certain cinnoline derivatives Egr se, 
processes for their preparation and pharmaceutical compositions containing them as active 
ingredient. 

1 0 Normal angiogenesis plays an important role in a variety of processes including 

embryonic development, wound healing and several components of female reproductive 
function. Undesirable or pathological angiogenesis has been associated with disease states 
including diabetic retinopathy, psoriasis, cancer, rheumatoid arthritis, atheroma, Kaposi's 
sarcoma and haemangioma (Fan et al, 1995, Trends Pharmacol. Sci. 16: 57-66; Folkman. 1995, 

1 5 Nature Medicine 1 : 27-3 1 ). Alteration of vascular permeability is thought to play a role in both 
normal and pathological physiological processes (Cullinan-Bove et al, 1993, Endocrinology 
133: 829-837; Sengeretal, 1993, Cancer and Metastasis Reviews, 12: 303-324). Several 
polypeptides with in vitro endothelial cell growth promoting activity have been identified 
including, acidic and basic fibroblast growth factors (aFGF & bFGF) and vascular endothelial 

20 growth factor (VEGF). By virtue of the restricted expression of its receptors, the growth factor 
activity of VEGF, in contrast to that of the FGFs, is relatively specific towards endothelial 
cells. Recent evidence indicates that VEGF is an important stimulator of both normal and 
pathological angiogenesis (Jakeman et al, 1993, Endocrinology, 133: 848-859; Kolch et al. 
1995, Breast Cancer Research and Treatment, 36:139-155) and vascular permeability (Connolly 
25 et al, 1989, J. Biol. Chem. 264: 20017-20024). Antagonism of VEGF action by sequestration 
of VEGF with antibody can result in inhibition of tumour growth (Kim et al, 1993. Nature 362: 
841-844). 

Receptor tyrosine kinases (RTKs) are important in the transmission of biochemical 
signals across the plasma membrane of cells. These transmembrane molecules 
30 characteristically consist of an extracellular ligand-binding domain connected through a 

segment in the plasma membrane to an intracellular tyrosine kinase domain. Binding of ligand 
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to the receptor results in stimulation of the receptor-associated tyrosine kinase activity which 
leads to phosphorylation of tyrosine residues on both the receptor and other intracellular 
molecules. These changes in tyrosine phosphorylation initiate a signalling cascade leading to a 
variety of cellular responses. To date, at least nineteen distinct RTK subfamilies, defined by 
5 amino acid sequence homology, have been identified. One of these subfamilies is presently 
comprised by the fms-like tyrosine kinase receptor. Fit or Fltl . the kinase insert 
domain-containing receptor, KDR (also referred to as Flk-1 ), and another fms-like tyrosine 
kinase receptor, Flt4. Two of these related RTKs, Fit and KDR. have been shown to bind 
VEGF with high affinity (De Vries et al, 1992, Science 255: 989-991; Terman et al. 1992, 
10 Biochem. Biophys. Res. Comm. 1992, 187: 1579-1586). Binding of VEGF to these receptors 
expressed in heterologous cells has been associated with changes in the tyrosine 
phosphorylation status of cellular proteins and calcium fluxes. 

European Patent Publication No. 0326330 discloses certain quinoline. quinazoline and 
cinnoline plant fungicides. Certain of these plant fungicides are also stated to possess 
1 5 insecticidal and miticidal activity. There is however no disclosure or any suggestion that any of 
the compounds disclosed may be used for any purpose in animals such as humans. In 
particular, the European Patent Publication contains no teaching whatsoever concerning 
angiogenesis and/or increased vascular permeability mediated by growth factors such as VEGF. 
A number of further documents described hereinafter disclose certain cinnoline 
20 derivatives, but none of these documents contain any teaching whatsoever concerning 

angiogenesis and/or increased vascular permeabilty mediated by growth factors such as VEGF. 
Thus J. Med Chem. (1995), 38(1 8), 3482-7 discloses 4-(3-bromoanilino)cinnoline. J. Chem. 
Soc. C (1968), (9), 1 152-5 discloses 6-chloro-4-phenoxycinnoline. J. Kamatak Univ.. Sci. 
(1984), 29, 82-6 discloses certain 4-anilinocinnolines and Indian J. Chem. (1973). 1 1(3), 211- 
25 1 3 discloses certain 4-phenylthiocinnolines. All of these disclosed compounds were tested for 
physiological activity, but all except the two specifically named compounds below were found 
to be inactive in the tests employed. J. Karnatak Univ., ( 1 973), 1 8, 25-30 discloses certain 4- 
phenoxycinnolines some of which showed a little antimicrobial activity but none of which 
showed analgesic or antihistaminic activity. J. Karnatak Univ., Sci. (1984), 29, 82-6 discloses 
30 two compounds: 4-(4-methoxyanilino)-6.7-dimethoxycinnoline and 4-(3-chloroanilino)-6,7- 
dimethoxycinnoline which were tested and were found to have some anti-inflammatorv and 
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antiarthritic activity. The papers and patents listed below describe the synthesis of certain 
cinnolines with a phenyl ring linked via a group selected from -0-, -S-. -NH- and -CH 2 - at the 
4-position: US 5,017,579, US 4.957,925, US 4,994,474, EP 0302793 A2, Arch Pharm 
(Weinheim) (1970), 303(7). 560-2. J. Med. Chem. (1968), 11, 1270, Indian J. Chem. (1968), 
5 6(7), 350-2, J. Chem. Soc. C (1968), (9), 1 156-8, Yakugaku Zasshi (1968), 88(1), 94-7, J. Org. 
Chem. (1960), 25, 570, J. Org. Chem. (1952), 17, 1571-5. J. Org. Chem. (1953), 18. 1706-8, J. 
Org. Chem. (1954), 19. 1 1 17-23 and J. Am. Pharm. Assoc. (1959), 48. 135-9. but none of these 
papers and patents disclose any utility at all for the cinnolines they describe. 

The present invention is based on the discovery of compounds that surprisingly inhibit 
10 the effects of VEGF, a property of value in the treatment of disease states associated with 
angiogenesis and/or increased vascular permeability such as cancer, diabetes, psoriasis, 
rheumatoid arthritis. Kaposi's sarcoma, haemangioma, acute and chronic nephropathies, 
atheroma, arterial restenosis, autoimmune diseases, acute inflammation and ocular diseases 
with retinal vessel proliferation. Compounds of the present invention possess good activity 
15 against VEGF receptor tyrosine kinase whilst possessing some activity against epidermal 
growth factor (EOF) receptor tyrosine kinase. Furthermore, compounds of the present 
invention, possess substantially higher potency against VEGF receptor tyrosine kinase than 
againstEGFreceptortyrosinekinaseorFGFRl receptor tyrosine kinase. Thus compounds of 
the invention which have been tested possess activity against VEGF receptor tyrosine kinase 
20 such that they may be used in an amount sufficient to inhibit VEGF receptor tyrosine kinase 
whilst demonstrating no significant activity against EOF receptor tyrosine kinase or FGF Rl 
receptor tyrosine kinase. 

According to one aspect of the present invention there is provided the use of a 
compound of the formula I: 




30 



(0 
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[wherein: 

Z represents -O-, -NH-. -S- or -CH r : 
m is an integer from I to 5; 
5 R' represents hydrogen hydroxy, halogeno. ni.ro. cyano. trifluoromethyl. C, ,alkvl. C, .alkoxy 
C,.,aiky„hio or NR*R T (wherein R> and R\ which .ay be the same or differ each rcprcs.„ K 
hydrogen or C M alkyl); 

R 2 represents hydrogen, hydroxy, fluoro. chloro. methoxy, amino or nitro- 

ie represents hydroxy, haiogeno. Chalky., C.. 3 alkoxy, C,,alkanoy,oxy, trifluoromethvl. cvano 
10 amino, or nitro; 

* repress hydrogen, hydroxy, ha!ogeno. cyano. ni,r„. amino, trinuoromethyl. C, alkv. or a 
group R'-X' (wherein X' represents -0-. -CH,-, -S-. -SO-. -SO,, -NR'CO- -CONR'- 
SO ? NR.V -NR-SO.,- or -NR". (wherein R*. R». R" and R 11 each independent,, tenants 
hydrogen. C,.,alkyl or C,.,alkoxyC„a,kyl> and R' i s selected from one of ,he following fourteen 
15 groups: 

1 ) C,. 3 alkyl, C.^hydroxyalkyl, C^fluoroalkyl, C M aminoalkvl; 

2) Calky^COR" (wherein X> represents -O- or NR 14 (in which R' 4 represents hvdrocen C 
alkyl or C, 3 alkoxyC, 3 alkyl) and R" represents C^aikyl, NR»R- or OR- (wherein R"V 
and R" which may be the same or different are each hydrogen. Chalky] or C M alkoxyC ,alkvl) 

20 with the proviso thai when X 1 is -0-, R" is not OR"); 

3) C,,alkylX>R" (wherein X> represents -a, -S, -SO-, -SO,-, -OCO-. -NR"CO- -CONR- 
SO,NR".. .NR-SO,- or -NR»- (wherein R-. R». R». R M attd R » each independently 
represent hydrogen, C, ..alkyi or CalkoxyC.alky.) and R" reptesents h yd rog e„. C , .alkv, 
cyc.open.yl, cyclohexy. or a 5 or 6 membeted saturated heterocyclic group with one or two . 

25 heteroatom, selected independently from O, S and N, which C,.,alkyl gnoup mav hearone or 
•wo substituents selected from oxo, hydroxy, halogeno and C„alk„xy and which evelic troop 
may bear one or two substituents selected from oxo, hydtnxy, hal „, eno . c MalkvL Ci 
.hydroxyalkyl and C,_,alkoxy); 

4, C,,a lk ylXT,,alkylX>R>< (wherein X< and X' which may be the same or different are each - 
30 0-. -S-, -SO-, -SO ; -, -NR-CO-. -CONR".. -SO.NR", -NR»SO, or -NR*- (wherein R". R». 
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R". R :8 and R 29 each independently represents hydrogen. C,. 3 alkyl or C lo alkoxyC,. 3 alkyl) and 
R 24 represents hydrogen or C, 0 alkyl); 

5) C,..<alkylR 30 (wherein R 30 is a 5 or 6 membered saturated heterocyclic group with one or 
two heteroatoms, selected independently from O, S and N. which heterocyclic group may bear 

5 one or two substituents selected from oxo, hydroxy, halogeno, C M alkyl, C M hydroxyalkyl and 
C M alkoxy); 

6) C,.<alkenyIR 30 (wherein R 30 is as defined hereinbefore); 

7) C.^alkynylR 30 (wherein R 30 is as defined hereinbefore); 

8) (CH,)^ 31 (wherein n is an integer from 0 to 5 and R 31 is a phenyl group, a pyridone group 
10 or a 5 or 6 membered aromatic heterocyclic group with 1 to 3 heteroatoms selected from O. N 

and S. which phenyl, pyridone or aromatic heterocyclic group may carry up to 5 substituents 
selected from hydroxy, halogeno. C M alkyl, C M alkoxy, C M hydroxyalkyl, C M hydroxyalkoxy, 
carboxy, cyano. CONR»R 33 and NR"COR 3J (wherein R 3: . R 33 , R» and R 35 . which may be the 
same or different, each represents hydrogen. C M alkyl or C l . 3 alkoxyC J J alkyl); 
1 5 9) C,. 5 alkenylR 3 ' (wherein R 3 » is as defined hereinbefore); 

1 0) C,. 5 alkynylR 31 (wherein R 3 ' is as defined hereinbefore); 

1 1 ) C,. 5 alkylX 6 R 3 ' (wherein X 6 represents -O-, -S-, -SO-, -SO r , -NR 36 CO-, -CONR 3 '-, - 
S0 2 NR», -NR 3 'S0 2 - or -NR 40 - (wherein R». R", R», R" and R 40 each independently 
represents hydrogen, C,. 3 alkyl or C,. 3 alkoxyC,. 3 alkyl) and R 3 ' is as defined hereinbefore); 

20 12) C,. 5 alkenylX'R 3 ' (wherein X' represents -0-, -S-, -SO-, -SO,-. -NR 4, CO-, -CONR 4J - - 
SO ; NR 43 -. -NR 44 S0 2 - or -NR 45 - (wherein R 4 ', R 4 \ R«\ R 44 and R« each independently 
represents hydrogen, C, 3 alkyl or C,. 3 alkoxyC 2 . 3 alkyl) and R 3 ' is as defined hereinbefore); 

13) C M alkynylX 8 R 31 (wherein X* represents -0-, -S-, -SO-, -SO,-, -NR 46 CO-, -CONR 4 '-. - 
SO.,NR 4 \ -NR 4 'S0 2 - or -NR 50 - (wherein R» R 4 \ R 4 », R 4 ' and R*> each independently 

25 represents hydrogen, C, 3 alkyl or C,. 3 alkoxyC 2 . 3 alkyl) and R 3 ' is as defined hereinbefore); 

14) C, 3 alkylX 9 C,. 3 alkylR 31 (wherein X' represents -0-, -S-, -SO-. -SO,-, -NR J, CO-. -CONR 5 -- 
, -S0 2 NR 53 , -NR 54 S0 2 - or -NR 55 - (wherein R 5 ', R» R 53 , R 54 and R 55 each independently 
represents hydrogen, C, 3 aikyl or C, 3 alkoxyC 2 . 3 alkyl) and R 3 ' is as defined hereinbefore))]; 
and salts thereof, in the manufacture of a medicament for use in the production of an 

30 antiangiogenic and/or vascular permeability reducing effect in a warm-blooded animal such as 
a human being. 
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According to a further aspect of the present invention there is provided a method for 
producing an antiangiogenic and/or vascular permeability reducing effect in a warm-blooded 
animal in need of such treatment which comprises administering to said animal an effective 
amount of a compound of formula I. as defined hereinbefore, or a pharmaceutical ly acceptable 
5 salt thereof. 

Z is advantageously -S-, preferably -0-. but especially -NH-. 

m is advantageously an integer from 2 to 5. preferably 2 or 3. especially 3. 

R' is advantageously hydrogen, hydroxy, C.. 3 alkyl. C.^alkoxy, amino, cyano, nitro or 

trifluoromethyl. 

10 R' is preferably hydrogen, hydroxy, methyl, ethyl, methoxy or ethoxy, more preferably 
hydrogen, hydroxy, methyl or methoxy but especially methoxy. 
R 2 is advantageously hydrogen, hydroxy, fluoro. methoxy, amino or nitro. 
R J is preferably hydrogen, amino or nitro, but especially hydrogen. 

In one embodiment of the present invention R-" represents hydroxy, halogeno. C,. 
1 5 jalkyl, C lo alkoxy, trifluoromethyl. cyano. amino or nitro. 

Advantageously in another embodiment of the present invention one R 1 substituent 
is meta-hydroxy and the other one or more are each selected from halogeno. methyl and 
methoxy. 

In another embodiment of the invention the phenyl group bearing (R ; ) m is preferably 
20 of the formula II: 




25 

(H) 

wherein: 

R' represents hydrogen, methyl, fluoro or chloro, preferably hydrogen, fluoro or chloro. 
especially fluoro; 

30 R b represents hydrogen, methyl, methoxy, bromo. fluoro or chloro: 
R c represents hydrogen or hydroxy, especially hydroxy; 
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R d represents hydrogen, fluoro or chloro, more preferably hydrogen or fluoro. especially 
fluoro. 

Preferably in another embodiment of the invention two R 3 substituents are halogeno. 
especially ortho, ortho'- difluoro, and the other one or more are each selected from halogeno. 
5 hydroxy and methyl, more preferably from halogeno and methyl. 

More preferably in another embodiment of the invention the phenyl group bearing 
(R J )„, carries at least two substituents of which one is fluoro, especially ortho-fluoro. 

In a particular aspect of the present invention, the phenyl group bearing (R\ is the 
2-fluoro-5-hydroxy-4-methylphenyl group, the 4-chloro-2-fluoro-5-hydroxyphenyl group, the 
10 4-bromo-2,6-difluorophenyl group, the 4-chloro-2.6-difluorophenyl group, the 4-chloro-2- 
fluorophenyl group, the 4-chloro-3-hydroxyphenyl group, the 4-bromo-3-hydroxyphenyl 
group, the 3-hydroxy-4-methyl group or the 4-bromo-2-fluoro-5-hydroxyphenyl group. 

In a particularly preferred aspect of the invention the phenyl group bearing (R 3 ) m is 
the 2-fluoro-5-hydroxy-4-methylphenyl group, the 4-chloro-2-fluoro-5-hydroxyphenyl group, 
1 5 the 4-chloro-3-hydroxyphenyl group, the 4-bromo-3-hydroxyphenyI group, the 3-hydroxy-4- 
methyl group or the 4-bromo-2-fluoro-5-hydroxyphenyl group. 
Conveniently X' represents -O-, -S-, -CH 2 -. -NR*CO-, -CONR\ -NR"S0 2 - or -NR' 2 - 
(wherein R 8 , R 9 , R" and R' 2 each independently represents hydrogen, C,.,alkyl or C,. 
2 alkoxyethyl). 

20 Advantageously X' represents -O-. -S-. -NR'CO-. -NR"S0 2 - or -NR 12 - (wherein R«. R" and 
R ,J each independently represents hydrogen. C,. 2 alkyl or C,. 2 alkoxyethyl). 
Preferably X 1 represents -O-, -S-, -NR'CO- (wherein R» represents hydrogen or methvl) or 
NH. 

More preferably X' represents -O- or -NHCO-, especially -0-. 

25 Advantageously X 2 represents -O- or -NR M - (wherein R (< represents hydrogen. C.^alkyl or C,. 
,alkoxyethyl). 

Advantageously X 3 represents -O-, -S-, -SO-, -SO r , -NR"CO-, -NR H S0 2 - or -NR 23 - (wherein 
R". R" and R" each independently represents hydrogen, C,. 3 alkyl or C,. 2 alkoxyethyl). 
Preferably X 3 represents -O-, -S-, -SO-, -S0 2 - or -NR 23 - (wherein R 23 represents hydrogen. C t . 
30 ,alkyl or C,. 2 alkoxyethyl). 
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More preferably X 3 represents -0-, -S-. -SO, -SO : - or -NR»- (wherein R» represents 
hydrogen, C,. 2 alky] or C^alkoxyethyl), especially -O- or -NR 23 - (wherein R« represents 
hydrogen or C,. 2 alkyl). 

Advantageously X* and X 5 which may be the same or different each represents -O-. -S-. -SO- 
5 -SO r or -NR"- (wherein R 29 represents hydrogen. Calkyl or C^alkoxyethvl). 

Preferably X 4 and X 5 which may be the same or different each represents -0-. -S- or -NR 29 - 
(wherein R 29 represents hydrogen. C,. 3 alkyl or C.^alkoxyethyl). 

More preferably X 4 and X s which may be the same or different each represents -O-. -S- or - 
NR 29 - (wherein R 29 represents hydrogen or C l3 alkyl). especially -O- or -NH-. 
10 Advantageously X> represents -0-. -S- or -NR*. (wherein R* represents hydrogen. C, .alkvl 
or C^alkoxyethyl). 

Preferably X" represents -O- or -NR 40 - (wherein R 40 represents hydrogen or C, ,alkvl) 
Advantageously X' represents -O-. -S- or -NR 45 - (wherein R« represents hydrogen. C,,alkvl 
or C,, 2 alkoxyethyl). 

15 Preferably X' represents -O- or -NR 45 - (wherein R 45 represents hydrogen or C, ,alkvl) 

Advantageously X' represents -O-, -S- or -NR 50 - (wherein R 50 represents hydrogen. C,,alkvl 
or C t . 2 alkoxyethyI). 

Preferably X« represents -O- or -NR 50 - (wherein R 50 represents hydrogen or C, 2 alkvl) 
Advantageously X 9 represents -O, -S- or -NR 55 - (wherein R 35 represents hydrogen. C. .alkvl 
20 orC JO alkoxyethyI). 

Preferably X 9 represents -O- or -NR 35 - (wherein R 55 represents hydrogen or C,,alkyl). 

Conveniently R 4 is hydroxy, halogeno, nitro. trifluoromethyl. C, 3 alkvl. cyano 
amino or a group R 5 -X' (wherein X' is as defined hereinbefore and R 5 is selected from one of 
the following fourteen groups: 
25 I ) C,. 5 alkyl. C : . 3 hydroxyalkyl, C^fluoroalkyl, C. 5 aminoalkyl; 

2) C 3 . 3 alkylX 2 COR 13 (wherein X 2 is as defined hereinbefore and R» represents C, ,alkv l 
NR' 5 R" or OR" (wherein R' 5 . R- and R» which may be the same or different are each C, 
: alkyl or C,.,alkoxyethyl) with the proviso that when X 2 is -0-. R" is not OR' 7 ); 

3) C M alkylX 3 R" (wherein X 3 is as defined hereinbefore and R» represents hvdrogen. C. 

30 3 alkyL cyclopentyl. cyclohexyl or a 5 or 6 membered saturated heterocyclic eroup with one or 
two heteroatoms. selected independently from O. S and N. which C, 3 alkvl er oup mav bear 
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one or two substituents selected from oxo. hydroxy, halogeno and CMalkoxy and which cyclic 
group may bear one or two substituents selected from oxo. hydroxy, halogeno. C M aIkyl. C,. 
jhydroxyalkyl and C lo alkoxy); 

4) C.^alkylX^alkylX 5 ^ (wherein X< and X 5 are as defined hereinbefore and R» represents 
5 hydrogen or C,.jalkyl); 

5) C M alkyIR 5 ' (wherein R» is a 5 or 6 membered saturated heterocyclic group with one or 
two heteroatoms. selected independently from O, S and N. which heterocyclic group is linked 
to C,. 5 aikyl through a carbon atom and which heterocyclic group may bear one or two 
substituents selected from oxo, hydroxy, halogeno. C M alkyl, C M hydroxyalkyl and C M alkoxy) 

10 or C 3 .,alkylR" (wherein R" is a 5 or 6 membered saturated heterocyclic group with one or 
two heteroatoms of which one is N and the other is selected independently from O, S and N. 
which heterocyclic group is linked to C 2 . 5 alkyl through a nitrogen atom and which 
heterocyclic group may bear one or two substituents selected from oxo. hydroxy, halogeno. 
C M alkyI, C M hydroxyaIkyl and C M alkoxy); 

1 5 6) Q^alkenylR" (wherein R 51 represents R*or R" as defined hereinbefore); 

7) C^alkynylR" (wherein R» represents R» or R" as defined hereinbefore); 

8) (CH^R 3 ' (wherein n is an integer from 0 to 4 and R" is a phenyl group, a pyridone group 
or a 5 or 6 membered aromatic heterocyclic group with I to 3 heteroatoms selected from O, N 
and S. which phenyl, pyridone or aromatic heterocyclic group may be substituted as 

20 hereinbefore defined, advantageously substituted with up to 2 substituents as hereinbefore 
defined, more preferably substituted with one substituent selected from the group of 
substituents as hereinbefore defined); 

9) l-RVop-l-en-3-yl or l-R 3 'but-2-en-4-yl (wherein R 3 ' is as defined hereinbefore); 

10) l-R»prop-I-yn-3-vl or l-R"but-2-yn-4-yl (wherein R" is as defined hereinbefore); 
25 1 1) C^alkylXW (wherein X* and R" are as defined hereinbefore); 

12) l-(R 3 'X')but-2-en-4-yl (wherein X' and R" are as defined hereinbefore); 

13) l-(R 3 'X')but-2-yn-4-yl (wherein X 8 and R JI are as defined hereinbefore); 

14) C : . J alkylX'C, 2 alkylR 3 ' (wherein X' and R 31 are as defined hereinbefore)). 

Advantageously R< is hydroxy, halogeno. nitro. trifluoromethyl. C, 3 alkyl, cvano 
30 amino or a group R'-X' (wherein X' is as defined hereinbefore and R> is selected from one of 
the following fourteen groups: 
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1) C M alkyl, C^hydroxyalkyl. C M fluoroaJkyl. C^aminoalkvl; 

2) C, 3 alkyIX>COR' 3 (wherein X> is as defined hereinbefore 'and R' 3 represents C, ,alkvl 
NR»R« or OR" (wherein R' s , R" and R» which may be the same or different are each C, 
: alkyl or C,. 3 alkoxyethyl) with the proviso that when X : is -0-. R' 3 is not OR"); 

5 3) C : ,alkylX 3 R» (wherein X 3 is as defined hereinbefore and R» represents C, jlkvL 
cyclopentyl, cyclohexyl, pyrrolidinyl and piperidinyl which group is linked to X 3 through a 
carbon atom and which C,. 3 alkyl group may bear one or two substituents selected from oxo 
hydroxy, halogeno and C„alkoxy and which cyclopentyl. cyclohexyl, pvrrolidinvl or 
piperidinyl group may carry one substituent selected from oxo. hydroxy, halogeno. C„alkvl 
10 C,.jhydroxyalkyl and C,.,alkoxy); 

4) C, ) alky.X'C 1 . ! a lkyl X'R» (wherein X' and X' a* as defined hereinbefore and R» repress 
hydrogen or C,. } alkyl); 

5) C M alkylR» (wherein R- is a group selected from pyrrolidinyl. piperazinyl. piperidinv. 
U-d.oxolan-2-yl, U-dioxan-2-yl, l,3-dithiolan-2-y| and l,3-dithian-2-vl. which group is 

15 linked to C M alkyl through a carbon atom and which group may carry one or two substituents 
selected from oxo, hydroxy, halogeno. CMalkyl. C,,hydroxyalkyl and C, 2 alkoxv) or C, 
4-lkylR- (wherein R« is a group selected from morpholino. thiomorpholino. pyrrol idin-l-vl 
piperazin-l -yl and piperidino which group may carry one or two substituents selected from 
oxo. hydroxy, halogeno. CMalkyl. C,. 2 hydroxyalkyl and C, 2 alkoxy); 
20 6) C M alkenylR» (wherein R« represents R» or R- as defined hereinbefore): 

7) C 3 ,alkynvlR" (wherein R 61 represents R 5 ' or R- as defined hereinbefore); 

8) (CH 2 ) n R 31 (wherein n is an integer from 1 to 3 and R 3 ' is a pyridone group or a 5 or 6 
membered aromatic heterocyclic group with 1 to 2 heteroatoms selected from O. N and S of 
which preferably one is N which pyridone or aromatic heterocyclic group mav be substituted 

25 as herembefore defined, preferably substituted with one substituent selected from halogeno. 

C,. 2 alkyi, C, 2 alkoxy, C,. 2 hydroxyalkyl, C^hydroxvalkoxy, carboxv, cvano CONR*R» and 

NR»COR 33 (wherein R» R 33 , R 34 and R 35 , which may be the same or different, each 

represents hydrogen. C,. 2 alkyl or C,. 2 alkoxyethyl)); 

9) l-R"but-2-en-4-yl (wherein R 31 is as defined hereinbefore); 
30 10) l-R 3l but-2-yn-4-yl (wherein R 3 ' is as defined hereinbefore); 

1 1 ) C^alkylX'R 3 ' (wherein X* and R 31 are as defined hereinbefore); 
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12) l-(R 3, X 7 )but-2-en-4-yl (wherein X 7 and R 3 ' are as defined hereinbefore); 

13) l-(R JI X 8 )but-2-yn-4-yl (wherein X 8 and R 3 ' are as defined hereinbefore); 

14) C : . } alkylX 9 C l . 2 alkylR 3 ' (wherein X" and R 3 ' are as defined hereinbefore)). 

Preferably R 4 is hydroxy, halogeno. nitro. trifluoromethyl, C,. 3 alkyl, cyano. amino or a 
5 group R 5 -X' (wherein X' is as defined hereinbefore and R 5 is selected from one of the 
following eight groups: 

1) C,.,alkyl. Cj.jhydroxyalkyl. C,.,fluoroalkyl, C ; .,aminoalkyl; 

2) 2-(3.3-dimethylureido)ethyl, 3-(3,3-dimethylureido)propyl, 2-(3-methylureido)ethyl. 3-(3- 
methylureido)propyl, 2-ureidoethyl, 3-ureidopropyl, 2-(N,N-dimethyIcarbamoyloxy)ethyK 3- 

10 (Eil-dimethylcarbamoyloxy)propyl. 2-(N-methylcarbamoyloxy)ethyl. 3-(N- 
methylcarbamoyloxy)propyl.2-(carbamoyloxy)ethyl, 3-(carbamoyloxy)propyl; 

3) C 2 .,alkylX 3 R" (wherein X 3 is as defined hereinbefore and R" represents C,. 2 alkyl, 
cyclopentyl. cyclohexyl, pyrrolidinyl or piperidinyl which group is linked to X 3 through a 
carbon atom and which C,. 2 alkyl group may bear one or two substituents selected from 

1 5 hydroxy, halogeno and C,. 2 alkoxy and which cyclopentyl, cyclohexyl, pyrrolidinyl or 

piperidinyl group may carry one substituent selected from oxo, hydroxy, halogeno, C,. 2 alkyl. 
C,.,hydroxyalkyl and C,. 2 alkoxy); 

4) C 2 . J alkylX < C 2 . J alkylX i R M (wherein X 4 and X 5 are as defined hereinbefore and R" represents 
hydrogen or C,. 2 alkyl); 

20 5) C,.,alkylR" (wherein R" is a group selected from pyrrolidinyl, piperazinyl, piperidinyl. 
1.3-dioxolan-2-yl, l,3-dioxan-2-yl, l,3-dithiolan-2-yl and 1.3-dithian-2-yl, which group is 
.linked to C,. 2 alkyl through a carbon atom and which group may carry one substituent selected 
from oxo, hydroxy, halogeno, C,. 2 alkyl, C,. 2 hydroxyalkyl and C, 2 alkoxy) or C 2 . 3 alkylR* 3 
(wherein R M is a group selected from morpholino. thiomorpholino. piperidino, piperazin-l-yl 

25 and pyrrolidin-l-yl which group may carry one substituent selected from oxo, hydroxy, 
halogeno, C,.,alkyl, C,. 2 hydroxyalkyI and C,. 2 alkoxy); 

6) (CH,) n R 31 (wherein n is an integer from 1 to 3 and R 31 is selected from a pyridone, pyridyl. 
imidazolyl, thiazolyl, thienyl, pyridazinyl and triazolyl group preferably from a pyridone, 
pyridyl, imidazolyl, thiazolyl and triazolyl group, more preferably from a pyridone. pyridyl, 
30 imidazolyl and triazolyl group and R 3 ' may be substituted with one substituent selected from 
halogeno. C,,alkyl. C,. 2 alkoxy, C,. 2 hydroxyalkyl, C, 2 hydroxyalkoxy, carboxy, cyano. 



CONR-R" ^ NR 34 COR 31 (wherein R». R«. R » Md R „, which , ^ ^ m ^ 
Afferent, each represents hydrogen. C ,., alkyl or c,. jalk „ xy c M a, kylX morc pr e ferab , v 
substttrtted with one substituen. se.ec.ed from halogeno. C ,,a, kyl . C , .^v and cyano 

. eSPeCia " ! ' "» "» «— *» halogeno. C.^y! and cyano more 

» especiaily subbed with one substiruen, selected from chloro. flnoro. m el hv, and «hv„. 

7) C,.,aIkvlX>R" (wherein X' arxi R>' are as defined hereinbefore) 

8) ethylX'metnylR" (wherein X' and R" are as defined hereinbefore)). 

More preferably * hydroxy , ^ ^ R , x , 

X ,s as defined hereinbefor* and * is methy,, erhy.. trifluoromemyl. 
ydroxyerhy,, 3-nvdroxypropyl. 2-me,hoxye„y,. 3-methoxypropy,. 2, ra «hy 1 su, P hinv,» vl 
.(nrerhylsnlphonyDerhy,, 2KEIHin*U,ylsulpha ra oyl ) . l hyl. ^emylsulpnamovOethvl ' 
2-sn,phanroyle,hyl. 2-tttN-dimerhvlaminotedryl, 3^imemvlammo)pr„pv. - ' " 
morpholinocthyl. 3-morpholinopropyl, 2-piper.dinoerhyl. 3-piperidinopropy,. 2-< pi pe ra *„.,. 
>' , <«WHpiperazi„. l .y, ) prop rt 

2.me,hylmia Z ol-4.y,met„ y ,, 2-aceumido 1 hia Z o,-4.y lm e %l . l-methylimidazol^-vlmethvl 

MA 2-(,.2.4-,riazo,^y,)e,hy,. 4-pyridv,methy I . 2-<4.pyndy,,e,„y,. 3-(4-pyridv 1 )p ro pv,. 
-0 HHHHHWW, 2.(4-pyridylamino)e.„yl. 2^xo...4*vdro-|.pvridyl)e.hvl or % 
thtonwrpholinoethyl, 3-tWonwrpholinopropyl, 2.(2-me.hoxye.hoxv)eU,yl. 2. (4 . 
mcthylpiperazin-l-yl)ethyl„r3-(4.me.h y lpi P erazin-I.vl)propyl). 

AKorti "8»™ 1 heraspec.of«hepresen, i „ve„Uo„ 1 hereisprovidedacon,pou»d 
of ,he formula I as defined hereinbefore with me p ro viso ,ha, where m is ,, RMs meta- 
25 hydroxy and with me further proviso ma, me compound of formula I is not 4-f> 6- 
dtmerhylphenoxy^.y-dimemoxycimtoline; and salts drereof. for use as a medicament 

As indicated above for a compound of formula I. as defined hereinbefote. and salts 
thereof, for use as a medicament: 

m is advantageously an integer from 2 to 5, preferably 2 or 3, especially 3; 
30 Z is preferably-NH-; and 
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preferably R 4 represents hydroxy, C,. 3 alkyl, amino, or a group R 5 -X' (wherein X' is as defined 
hereinbefore and R 5 is methyl, ethyl, trifluoromethyl, 2,2.2-trifluoroethyl, 2-hydroxyethyl. 3- 
hydroxypropyl. 2-methoxyethyl, 3-methoxypropyl, 2-(methylsulphinyl)ethyl, 2- 
(methylsulphonyl)ethyl. 2-(N,N-dimethylsulphamoyl)ethyl, 2-(N-methylsulphamoyl)ethyl. 2- 
5 sulphamoylethyl, 2-(JsI ! N-dimethylamino)ethyl, 3-(N,N-dimethylamino)propyl, 2- 

morpholinoethyl, 3-morpholinopropyl, 2-piperidinoethyl. 3-piperidinopropyl, 2-(piperazin-l- 
yDethyl. S-fpiperazin-l-yDpropyl, 2-(pyrrolidin-l-yl)ethyl. 3-(pyrrolidin-l.yl)propyl, (1,3- 
dioxolan-2-yl)methyl, 2-(l,3-dioxolan-2-yl)ethyl, 2-(2-methoxyethylamino)ethyl, 2-(2- 
hydroxyethylamino)ethyl,3-(2-methoxyethylamino)propyl. 3-(2-hydroxyethylamino)propyl. 
10 2-methylthiazol-4-ylmethyl, 2-acetamidothiazol-4-ylmethyl, l-methylimidazol-2-ylmethyl. 2- 
(imidazol- 1 -yl)ethyl, 2-( 1 ,2.3-triazol- 1 -yl)ethyl. 2-( 1 ,2,3-triazol-2-yl)ethyl, 2-( 1 ,2,4-triazol- 1 - 
yl)ethyl, 2-(l,2.4-triazol-4-yl)ethyl, 4-pyridylmethyl. 2-(4-pyridyl)ethyl, 3-(4-pyridyl)propyl. 
2-(4-pyridyloxy)ethyl. 2-(4-pyridylamino)ethyl, 2-(4-oxo-l,4-dihydro-l-pyridyl)ethyl or 2- 
thiomorpholinoethyl, 3-thiomorpholinopropyl, 2-(2-methoxyethoxy)ethyl. 2-(4- 
1 5 methy lpiperazin- 1 -y l)ethyl or 3-(4-methylpiperazin- 1 -yl)propyl). 

According to a further aspect of the present invention there is provided a compound 
of the formula I as defined hereinbefore with the proviso that where m is 1 , R 3 is meta- 
hydroxy and with the further proviso that the phenyl group bearing (R 3 ) m is not 3,4- 
dimethylphenyl and that when the phenyl group bearing (R J ) m is 2.5-dichlorophenyl, 3.5- 
20 dichlorophenyl, 2.3-dichlorophenyl, 2,4-dichlorophenyl, 3.4-dichlorophenyI, 2.6- 

dichlorophenyl, 2.6-dimethylphenyl, 2-bromo-4-chlorophenyl, 4-bromo-2-chlorophenyl. 2- 
bromo-4-methylphenyl. 2-chloro-4-methylphenyl, 2-chloro-4-hydroxyphenyl. 3-chloro-4- 
hydroxyphenyl, 3,5-dichloro-4-hydroxyphenyl, 2.5-dichloro-4-hydroxyphenyl or 5-chloro-2- 
methylphenyl, Z is -NH-; and salts thereof. 
25 According to a further aspect of the present invention there is provided a compound 

of the formula I as defined hereinbefore with the proviso that where m is 1 , R 3 is meta- 
hydroxy and with the further proviso that the phenyl group bearing (R 3 ) m is not 3,4- 
dimethylphenyl and that when the phenyl group bearing (R 3 ) ra is 2,5-dichlorophenyl, 3.5- 
dichlorophenyl, 2.3-dichlorophenyl, 2,4-dichlorophenyl, 3,4-dichlorophenyl, 2.6- 
30 dichlorophenyl, 2.6-dimethylphenyl, 3,4-dimethoxyphenyl. 2-bromo-4-chlorophenyl. 4- 
bromo-2-chlorophenyl. 2-bromo-4-methylphenyl. 2-chloro-4-methylphenyl, 2-chloro-4- 
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hydroxyphenyl, 3-chloro-4-hydroxy P henyl, 3,5-dichloro-4-hydroxyphenvl. 2.5.dichloro-4- 
hydroxyphenvl or 5-chloro-2-methylphenyI, 2 is -NH-; and salts thereof. 

As indicated above for a compound of formula I. as defined hereinbefore, and salts 

thereof: 

5 m is advantageously an integer from 2 to 5, preferably 2 or 3. especially 3; 
Z is preferably-NH-; and 

preferably R< represents hydroxy, C.. 3 a.kyl amino, or a group R'-X' (wherein X' is as defined 
herembefore and R> is methyl, ethyl, trifluoromethyl. 2,2,2-trifluoroethyl. 2-hvdroxvethvl 3- 
hydroxypropyl, 2-methoxyethyL 3-methoxypropyL 2-(methylsulphinyl)ethyl. »- 
10 (methylsulphonyl)ethyl, 2-(N,H-dimethylsulphamoyl)ethyl, 2-(N-methylsulphamovl)e,hyl 7. 
sulphamoylethyl. 2-(N,N-dimethylamino)ethyl. 3-<N.N-dimethylamino)propvl. 2- 
morpholinoethyl, 3-morpholinopropyh 2-piperidinoethyl. 3-piperidinopropyl. 2-( P iperazin- 1 - 
vDethyl. 3-(piperazin-l-yl)propyl. 2-(py rr olidin-l-yl)ethyl. 3-(pyrrolidin-l-yl)propvl (\ 3- 
dioxolan-2-yl)methyl, 2-(1.3-dioxolan-2-yl)ethyl. 2-(2-methoxyethvlamino)ethvl ^-(7. 
15 hydroxyethylamino)ethyl, 3-(2-methoxyethylamino) P ropyl. 3-(2-hydroxyethv.amino)propy. 
2-methylthiazol-4-ylmethyl, 2-acetamidothia Z ol-4-ylmethyl, l-methylimidazol-2-vlme,hyl 7. 
(imidazol-l-yDethyl, 2-(l,2,3-triazol-l-yl)ethyl, 2-(L2,3-triazol-2-yl)ethvl. 2-(1.2.4-tria Z ol-l- 
yDethyl, 2-(I.2,4-tria Z ol-4-yl)ethvl. 4-pyridylmethyl. 2-(4-pyridyl)ethyl. 3-C4-pyridvl)propyl 
2-(4-pyridyloxy)ethyl, 2-(4-pyridylamino)ethyl. 2-(4-oxo-1.4-dihydro-l-pyridvl)ethvl or 2- 
20 thiomorpholinoethyh 3-thiomorpholinopropyl. 2-(2-methoxyethoxy)ethyl. 2-(4- 
methylpiperazin-l-yl)ethyl or 3-(4-methylpiperazin-l-yl)propyl). 

In a particular embodiment of the present invention there is provided the use of a 
compound of the formula la: 



25 



R 4a -X la 




30 



(la) 
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[(wherein: 

Z a represents -0-, -NH-. -S- or -CH r ; 
ma is an integer from 1 to 5; 
5 R" represents hydrogen, hydroxy, halogeno. C,.,alkyl. C,. 3 alkoxy, C,. 3 alkylthio or NR 5 * R" 
(wherein R 5 " and R fa , which may be the same or different, each represents hydrogen or C, 3 
alkyl); 

R 2 * represents hydrogen, hydroxy, fluoro, methoxy, amino or nitro; 
R 34 represents hydroxy, halogeno. C,. 3 alkyl, C, 3 alkoxy, C^aJkanoyloxy, trifluoromethyl, 
10 cyano. amino or nitro; 

X" represents -0-, -CH r , -S- or NR" (wherein R" represents hydrogen or C, 3 alkyl); 
R 4a is selected from the following: 

1) CjalkyL C.^hydroxyalkyl, C,. 5 fluoroalkyl, C.^aminoalkyl; 

2) C,,alkylX 2 'COR* (wherein X" represents -O- or NR»» (in which R* represents hydrogen. C, 
15 3 alkyl or C,. 3 alkoxyC 2 . 3 alkyl) and R 9 * represents NR ,0 *R"' or OR ,2a (wherein R l0> . R"» and R' 2 ' 

which may be the same or different are each hydrogen, C, 3 alky] or C, 3 alkoxvC 2 . 3 alkyl) with the 
proviso that when X 2 * is -0-, R" is not OR ,2j ); 

3) C, 5 alkyJX 3 'R'<" (wherein X 3 ' represents -0-, -S-, -SO-, -SO : - or NR' 3 ' (wherein R l3j is 
hydrogen, C,. 3 alkyl or C, 3 alkoxyC 2 . 3 alkyl) and R Ml represents C, 3 alkyl, cyclopentyl or 

20 cyclohexyl); 

4) C^alkylX-C^alkylX^R- (wherein X* and X 5 ' which may be the same or different are 
each -0-, -S-, or NR" (wherein R'- is hydrogen or C,. 3 alkyl) and R ,u represents hydrogen or 
C,. 3 alkyl); 

5) C, 5 alkylsulphonylNR''-R'* (wherein R»* and R 18 * which may be the same or different are 
25 each hydrogen, C,. 3 alkyl or C^alkoxyC^alkyl); 

6) C,. 5 alkylR'» (wherein R- is a 5 or 6 membered saturated heterocyclic group with one or 
two heteroatoms, selected independently from O. S and N, which heterocyclic group mav bear 
one or two substituents selected from halogeno. C M alkyI. C M hydroxvalky| and C M alkoxy); 
and 

30 7) (CH,) M R 2 <* (wherein na is an integer from 0 to 5 and R 20 ' is a phenyl group or a 5 or 6 
membered aromatic heterocyclic group with 1 to 3 heteroatoms selected from O. N and S. 
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wh,ch phenyl or aromatic heterocyclic grou p may ^ up , 0 , ^ 

™^ a ' kyL C ->»M- C .Mroxyalkoxy, carboxv. cvano. 

«»-N^.. ta8 „ . R „, . R ^ dR .«. whjchmayleIhesameor 
different, each represents hydrogen or C, 4 aikyi)]; 
5 and salts thereofin the manufacture of . ^ ^ ^ ^ 

--^^e^.a^,^^.^ 

, " a P« i -'-™Wma„,of ai =p™ senIi „ve Mi<> „ Ih e reis p r()vid e dameth0<lfor 
.0 antma, ,„ nee. of such trearmen, comprises admtajslering ^ ^ ^ ^ 

~f a compou„ d 0 f fo m „,a ,, as d efi„e d hereinbefore, or a ph„ lically acceptable 

Z' is advantageously -S-, preferably -0-, bur especially -NH-. 
nra is a d vanrageously an integer (rem 2 to 5. preferably 2 or 3. especiallv 3 
15 ,S adva ° B 8eously hyckogen, hydroxy, C,.,alkyl. C,,alkoxy or amino 

R" ,s preferably hydrogen, hytiroxy. methyl, ethyl. methoxy or ethoxv, mote preferably 
hydrogen, hyoroxy. methyl or melhoxy but especially methoxv. 

R" is preferably hyorogen. amino or nitro. but especially hy d rogen. 

-0 .alxyl,C 1 . ! alkoxy, l rifluoromethyl.cyano. amino or nitro. 

Ativantageously in another embodiment of the present invention one R* substituo,,, 
■a me.a-hvdre.xy a„ d the other one or more are each selec,e d from halogeno. methv, and 
methoxy. 

In another embodiment of the invention the phenyl group bearing (R») is 
25 preferably of the formula Ilaa: 




30 

(Ilaa) 

wherein: 
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R 44 represents hydrogen, methyl, fluoro or chloro. preferably hydrogen, fluoro or chloro. 
especially fluoro: 

R ta represents hydrogen, methyl methoxy. bromo. fluoro or chloro; 
R" represents hydrogen or hydroxy, especially hydroxy; 
5 R"* represents hydrogen, fluoro or chloro, especially fluoro. 

Preferably in another embodiment of the invention two R 34 substituents are halogeno. 
especially ortho. ortho'- difluoro. and the other one or more are each selected from halogeno 
and methyl. 

In a particular aspect of the present invention, the phenyl group bearing (R 3l ) m> is the 
1 0 2-fluoro-5-hydroxy-4-methy Iphenyl group, the 4-chloro-2-fluoro-5-hydroxyphenyl group, the 
4-bromo-2.6-difluorophenyl group, the 4-chloro-2.6-difluorophenyl group or the 4-chloro-2- 
fluorophenyl group. 
X' 4 is preferably -0-. 

Conveniently R 4 « is selected from one of the following seven groups: 
15 1 ) C,. 5 alkyl, C 2 . 3 hydroxyalkyl, C,.,fluoroalkyl, C M aminoalkyl; 

2) C,. 3 alkyIX 24 COR' 4 (wherein X 24 represents -O- or NR 84 (wherein R 8 * represents hydrogen. 
C,.,alkyl or C,. 2 alkoxyethyl) and R" represents NR ,0a R ,u or OR 124 (wherein R ,0 \R 1U and R' 3a 
which may be the same or different are each C, 2 alkyl or C, 2 alkoxyethyl) with the proviso that 
when X 2 * is -0-. R 9 * is not OR' 2 *); 
20 3) C^alkyDW (wherein X 3 ' represents -O-. -S-. -SO-. -SO,- or NR ,3> (wherein R' 31 is 
hydrogen, C,.,alkyl or C,. 2 alkoxyethyl) and R' 4 ' represents C 10 alkyl. cyclopentyl or 
cyclohexyl); 

4) C, 3 alkylX 44 C, 3 alkylX i4 R' 3 ' (wherein X 4 ' and X' 4 which may be the same or different are 
each -0-, -S-, or NR- (wherein R- is hydrogen or C lo alkyl) and R» represents hvdroeen or 

25 C,.,alkyl); 

5) C M alkylsulphonylNR"»R- (wherein R" 4 and R'« 4 which may be the same or different are 
each hydrogen. C l0 alkyl or C.^alkoxyethyl); 

6) C ( . ja lkylR 254 (wherein R 23 ' is a 5 or 6 membered saturated heterocyclic group with one or 
two heteroatoms, selected independently from 0, S and N, which heterocyclic group is linked 

30 to C,.,alkyl through a carbon atom and which heterocyclic group may bear one or two 
substituents selected from halogeno. C M alkyk C M hydroxyalkyl and C M alkoxy) or C. 
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■ alky,R " ' Wlttrcin R '- ^ 5 or 6 -«b«d sanded heterocyclic group ^ one „ ^ 
heteroatoms of which one is N and the char is selected independent* from O. S and N which 
heterocyclic group is hnked ,o Cj. s alkyl .hrcugh a „ ilroge „ atom and which he K rocvc,ic w 
may bear on. or two substituenB se|ected ^ ^ c M hydroxva,kv, and C 

5 ,alkoxy);and ' ' '■ 

7) (CHA.R- (wherein na is an integer from 0 lo 4 and R 201 is a phenyl group or a < or 6 

n,e m bercdaro m aUche,erocyc 1 icg roupwith , lo 3 heteroaloms selected from O. N and S of 
which preferably one „ N . ^ pheny , or ^ ^ ^ 

he^hefore defined, advantageous* substituted with up „ 2 suhshruenrs as hereinbefore 
0 defined, more pmfera My substinittd ^ 0 „ e ^ ^ ^ ^ 

substiluents as hereinbefore defined). 

Advantageously R« j s selected from one of the following seven aroups 
I) C,.a)kyl.C,.,hydroxyalkyl, C M fluo,oalkyl. C^anunoalkvl- 

2, C aiky.X'-COR- (wherein X- represents -O- or NR- (wherein R- represents hvdrogen 
C,. J alkyl or C^alkoxyethyl) and R" repents NR'-R"- „ r OR"- (wherein R'» R""and R- 
which ma. v * h or ^ ^ c or c a|kMyetM) ^ ^ 

when X is -0-, R 9 * is not OR ,2a ) ; 

3, C„alky K -R» (wherein X" represent, -0-, -S, -SO-, -SO, or NR- (wherein R- „ 
hydrogen. C,,alky| or C,,alkoxyethyl> and R» represents C,.,alkvl. cyclopemvl or 

20 cyclohexyj); 

4) <i*«W«' (wherein X- and X- which may be the same or different are 
each -O -S, or NR- herein R - „ hydrogen or c , jalky|) and R „ 

C,. 3 alkyl); 

5) (wherein R- and R« which may be the same or different ate 
25 each hydrogen. C,.,alkyl or C^alkoxyethyl); 

6) C^kylR- (wherein R» is selected from pyrrohdiny!. piperazinyl. piperi dvl I 
d.oxo,a, 2 .y,. ,,3-dioxan-2-y,. U-dirhiobn-Z-y, tmd U-dithian-J-y,. such te R ,." is ^ 
•o C aikyl through a carbon a,„m) or Chalky*- (wherein R» is selected from morpholino 
pyrrohdtn-l-yl, piperazin-l-yl and piperidino); and 

30 7) (CH^R»-(„he re i„ na is an imager from 1 ,„ 3 and R» is a 5 or 6 membered aromatic 
heterocyclic group wiu, , „ 2 heteroat()nls ^ ^ Q N ^ $ rf ^ ^ 
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is N. which aromatic heterocyclic group may be substituted as hereinbefore defined, preferably 
substituted with one substituent selected from halogeno. C,.,alkyl. C,. 2 alkoxy, C.^hydroxyalkyl, 
C,. 2 hydroxyalkoxy, carboxy, cyano. CONR 2u R 22i and NR^'COR" 1 (wherein R 2, \ R 22i , R 2jl and 
R 24 '. which may be the same or different, each represents hydrogen or Chalky!)). 
5 Preferably R 4i is selected from one of the following seven groups: 

1) C,. 3 alkyl. Cj.jhydroxyalkyl, C,. 3 fluoroalkyl, C 2 . 3 aminoalkyl; 

2) 2-(3.3-dimethylureido)ethyl. 3-(3,3-dimethylureido)propyl, 2-(3-methyIureido)ethyl. 3-(3- 
methylureido)propyl, 2-ureidoethyl, 3-ureidopropyl. 2-(N,N-dimethylcarbamoyloxy)ethyL 3- 
(N.N-dimethylcarbamoyloxy)propyl, 2-(N-methylcarbamoyloxy)ethyl, 3-(N- 

1 0 methyIcarbamoyloxy)propyl, 2-(carbamoyloxy)ethyl, 3-(carbamoyloxy)propyl; 

3) C 2 _ 3 alkylX J 'R M ' (wherein X 3 * represents -0-, -S-, -SO-. -SO,- or NR U * (wherein R IJ * is 
hydrogen, C,.,alkyl or C.^alkoxyethyl) and R Ma represents C,. 3 alkyl. cyclopentyl or 
cyclohexyl); 

4) C 2 . 3 alkylX 4 'C 2 . 3 alkylX 5a R' 3 ' (wherein X 4 * and X" which may be the same or different are 
1 5 each -0-, or -NH- and R ,Jl represents hydrogen or C,.,alkyl); 

5) C, 3 alkylsulphonylNR"*R"» (wherein R"« and R* which may be the same or different are 
each hydrogen or methyl); 

6) C,. 2 alkylR 254 (wherein R"' is selected from pyrrolidinyi. piperazinyl. piperidyl. 1.3- 
dioxolan-2-yl, l,3-dioxan-2-yl, l,3-dithiolan-2-yl and 1 ,3-dithian-2-yl, such that R 25 ' is linked 

20 to C, 2 alkyl through a carbon atom) or C^alkylR 26 * (wherein R 26 ' is selected from morpholino. 
piperidino, piperazin-l-yl and pyrrolidin-l-yl); and 

7) (Cf^R 20 ' (wherein na is an integer from 1 to 3 and R 20a is selected from pyridyl, 
imidazolyl, thiazolyl, thienyl and pyridazinyl, preferably from pyridyl, imidazolyl and 
thiazolyl and R 20a may be substituted with one substituent selected from halogeno. C,.,alkyl. 

25 C,. 2 alkoxy, C.^hydroxyalkyl, C,. 2 hydroxyalkoxy, carboxy, cyano, CONR 2 "R 22 * and 
NR-COR- (wherein R 2 ", R 22 *, R 2Ja and R 24a , which may be the same or different, each 
represents hydrogen or C^alkyl), more preferably substituted with one substituent selected 
from halogeno, C,.,alkyl and cyano, especially substituted with one substituent selected from 
chloro, fluoro, methyl and ethyl). 

30 More preferably R" represents methyl, ethyl, trifluoromethyl, 2,2,2-trifluoroethyl. 2- 

hvdroxyethyl, 3-hydroxypropyI. 2-methoxyethyl. 3-methoxypropyl, 2-(methylsulphinyl)ethyl. 
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2-fmethylsulphonyl)ethyl, 2-(N f N^li m ethvlsulphamoyl)ethyl, 2-<N-methvlsulphamovl)ethvl 
2-sulphamoylethyl, 2.(N ) N-dimethylamino)ethyl. S-^N-dimethylaminoJpropvl. 2- ' 
morpholinoethyl, 3-morphoiinopropyl, 2-piperidinoethyl. 3-piperidinopropvl. 2-(piperazin- ! - 
vDethyl. 3-(piperazin-l-yl)pro P yl, 2-( P yrrolidin-l.vl)ethyl. 3-(pyrrolidin-l-yI) P ropvl N , 3. 
5 dioxolan-2-yl)methyl, 3-(U-dioxolan-2-yl)ethyl. 2.(2-methoxyemylamino)ethvl. 2-P- 
hydroxyethylamino)ethyl, 3-(2-methoxyerhyla m ino)propyK 3-(2-hydroxyethylamino) P ropyl 
^methylthiazol^ylmethyl, l- m ethylimidazol-2-ylm6thy!. 4-pyridylmethyl. 2-(4- 
pyridyl)ethyl or 3-(4-pyridyl)propy]. 

In a further embodiment of the present invention there is provided a compound of 
10 the formula la as defmed hereinbefore with the proviso that where ma is 1. R* is m eta- 
hydroxy and with the further proviso that the compound of formula la is not 4-(2.6- 
dimethylphenoxy)-6.7-dimethoxycinnoline: and salts thereof, for use as a medicament. 

As indicated above for a compound of formula la. as defmed hereinbefore, and salts 
thereof, for use as a medicament: 

15 ma is advantageously an integer from 2 to 5, preferably 2 or 3. especially 3; 
Z* is preferably-NH-; 
X" is preferably -O-; and 

preferably R" represents methyl, ethyl, trifluoromethyl, 2.2.2-trifluoroethyl, 2-hvdroxvethvl. 
3-hydroxypropyl, 2-methoxyethyl. 3-methoxypropyl. 2-(methylsulphinvl)ethyl. 2- 
20 (methylsulphonyl)ethyl. 2-(N 5 N-dime,hylsulphamoyl)ethyl. 2-(N-methvlsulphamovl)ethvl ^ 
sulphamoylethyl, 2-(N.N.dimethylamino)ethyl, 3-0i.N-dimethylamino)pro P yl. 2- 
morpholinoethyl, 3-morpholinopropyl, 2-piperidinoethyl, 3-piperidinopropyl. 2-(pi P era Z in-l- 
yl)6thy|. 3-(pipera2in-l-yl)pro P yl, 2-( P ynolidin-l-yl)ethyI, 3-(pyn-olidin-l-y|)propyl. (1.3- 
dioxolan-2-yl)methyl. 2-(1.3-dioxolan-2-yl)ethyl, 2-(2-methoxyethylamino)ethyl. 2-P- 
25 hydroxyethylamino)ethyl. 3-(2-methoxyethylamino)propyl, 3-(2-hydroxyethylamino)propvl. 
2-methylthiazol-4-ylmethyl, l-methylimidazol-2-ylmethyl, 4-pyridylmethyl. 2-(4- 
pyridyl)ethyl or 3-(4-pyridyl)propyl. 

In a further embodiment of the present invention there is provided a compound of 
the formula la as defined hereinbefore with the proviso that where ma is I, R 3 ' is meta- 
30 hydroxy and with the further proviso that the phenyl group bearing (R*) ma is not 3.4- 
dimethylphenyl and that when the phenyl group bearing (R* )lM is 2.5-dichlorophenvl. 3.5- 
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dichlorophenyl. 2.3-dichlorophenyl, 2.4-dichlorophenyl. 3.4-dichlorophenyl, 2.6- 
dichlorophenyl, 2,6-dimethylphenyl, 2-bromo-4-chlorophenyl, 4-bromo-2-chlorophenyl. 2- 
bromo-4-methylphenyl, 2-chloro-4-methylphenyl, 2-chloro-4-hydroxyphenyl, 3-chloro-4- 
hydroxyphenyl, 3,5-dichloro-4-hydroxyphenyl, 2,5-dichloro-4-hydroxyphenyl or 5-chloro-2- 
5 methylphenyl, Z' is -NH-; and salts thereof. 

In a further embodiment of the present invention there is provided a compound of 
the formula la as defined hereinbefore with the proviso that where ma is 1, R 3a is meta- 
hydroxy and with the further proviso that the phenyl group bearing (R 3, ) m , is not 3.4- 
dimethylphenyl and that when the phenyl group bearing (R ,a ) TO is 2.5-dichlorophenyl, 3,5- 
1 0 dichlorophenyl, 2,3-dichlorophenyl, 2,4-dichlorophenyl, 3,4-dichlorophenyl, 2,6- 

dichlorophenyl. 2,6-dimethylphenyl, 3,4-dimethoxyphenyl. 2-bromo-4-chlorophenyl. 4- 
bromo-2-chlorophenyl, 2-bromo-4-methylphenyl, 2-chloro-4-methylphenyl, 2-chloro-4- 
hydroxyphenyl, 3-chloro-4-hydroxyphenyl, 3,5-dichloro-4-hydroxyphenyl, 2.5-dichloro-4- 
hydroxyphenyl or 5-chloro-2-methylphenyl, Z* is -NH-: and salts thereof. 

1 5 As indicated above for a compound of formula la, as defined hereinbefore, and salts 

thereof: 

ma is advantageously an integer from 2 to 5, preferably 2 or 3. especially 3; 
Z' is preferably-NH-; 
X u is preferably -0-; and 

20 preferably R" represents methyl, ethyl, trifluoromethyl. 2.2.2-trifluoroethyl. 2-hydroxyethyl. 
3-hydroxypropyl, 2-methoxyethyl, 3-methoxypropyl. 2-(methylsulphinyl)ethyl, 2- 
(methylsulphonyl)ethyl, 2-(N.N-dimethylsulphamoyl)ethyl. 2-(]sI-methylsulphamoyl)ethyl. 2- 
sulphamoylethyl, 2-(N,N-dimethylamino)ethyl, 3-(N£-dimethylamino)propyl, 2- 
morpholinoethyl. 3-morpholinopropyl, 2-piperidinoethyl, 3-piperidinopropyl, 2-(piperazin-l- 

25 y|)ethyl, 3-(piperazin-l-yl)propyl, 2-(pyrrolidin-l-yl)ethyl, 3-(pyrrolidin-l-yl)propyl, (1.3- 
dioxolan-2-yl)methyl, 2-(l,3-dioxolan-2-yl)ethyl, 2-(2-methoxyethylamino)ethyl, 2-(2- 

hydroxyethylamino)ethyl,3-(2-memoxyemylamino)propyl,3-(2-hydroxyethylamino)p ro ^^ 
2-methylthiazol-4-ylmethyl, l-methylimidazol-2-ylmethyl, 4-pyridylmethyl. 2-(4- 
pyridyOethyl or 3-(4-pyridyl)propyl. 

30 In a further particular embodiment of the current invention there is provided a 

compound of the formula lb: 
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R 2b -fsK^y >-* 




R 4b_ x ,b 



X lb is-0-; 

R* is C a Ikyl . 2 . (Cl .3a, k ox y )eth y ,. benzyl. m orp„oli„o(C, 3 alkvl) 

°' 4 y^^jalkyl), Nmethyl,mida2ol-2-yl(C ( .,aIkyI) and 

2-((C l . J alkoxy)(C l .,alkoxy))ethyl; 
15 Z b is-NH-or-0-; 
mb is 2 or 3; and 

*. phen y , *oup bearing (R X „ KlecKd fom: 

fluorophen* 4-bro m o-2.fluorophe„ y l, ^cWo^-fluo^-Mroxyphenvi. 5-acetoxv^- 
ch „n>2-fluor„phe„ yl . ^^drox^rnetMpn^, ^ 4- W2.fluoro-5-' 
20 hvdrox y phen y IJ; and sails thereof. 

MoM, prefared compounds of ^ presen, i„ V c„,io„ by virtue of , he ^ 
ac.,v., y agains, VEOF rector ..vrosine kinase ac,iv„ y aod their ,ac k of signify, activitv 
agatnst eptdennal growth factor (EOF) receptor tyrosine kinase include- 

4.<2.flu„rc-5^ 

^-fluorc-S-hydrox^meUtvlanilino^o-meutox^-^-methvlUti^ 
yl)methoxy]cinnoline, 

vI)methoxy]cinnoline, 
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and especially the salts thereof, particularly the hydrochloride salts thereof. 
Another particularly preferred compound is 4-(2-fluoro-5-hydroxy-4-methylanilino)-6- 
methoxy-7-(3-pyrrolidinopropoxy)cinnoline especially the salts thereof, particularly the 
hydrochloride salts thereof. 
5 Especially preferred compounds are: 

4-{4-chloro-2-fluoro-5-hydroxyanilino)-6-methoxy-7-(2-methoxyethoxy)cinnoline ? 
4-(4-bromo-2-fluoro-5-hydroxyanilino)-6-methoxy-7-(2-methoxyethoxy)cinnoline. 
4-(2-fluoro-5-hydroxy-4-methylanilinoV6-methoxy-7-(2-methoxyethoxy)cinnoline. 
4-(2-fluoro-5-hydroxy-4-methylanilino)-6-methoxy-7-(3-morpholinopropoxy)cinnoline. 
10 4-(2-fluoro-5-hydroxy-4-methylanilino)-6-methoxy-7.[(2-methylthiazol-4- 
yl)methoxy]cinnoline, 

4K2-fluoro-5-hydroxy^-memylanilino)-6-methoxy-7-(3-pyrrolidinopropoxy)cinnolineand 
especially the salts thereof, particularly the hydrochloride salts thereof. 

For the avoidance of doubt it is to be understood that where in this specification a 
1 5 group is qualified by 'hereinbefore defined 1 or 'defined hereinbefore' the said group 

encompasses the first occurring and broadest definition as well as each and all of the preferred 
definitions for that group. 

In this specification unless stated otherwise the term "alkyl" includes both straight and 
branched chain alkyl groups but references to individual alkyl groups such as "propyl" are 
20 specific for the straight chain version only. An analogous convention applies to other generic 
terms. Unless otherwise stated the term "alkyl" advantageously refers to chains with 1 -6 carbon 
atoms, preferably 1-4 carbon atoms. The term "alkoxy" as used herein, unless stated otherwise 
includes "aIkyl"-0- groups in which "alkyl" is as hereinbefore defined. The term "aryl" as 
used herein unless stated otherwise includes reference to a C^aryl group which may, if 
25 desired, carry one or more substituents. selected from halogeno, alkyl. alkoxy, nitro, 

trifiuoromethyl and cyano, (wherein alkyl and alkoxy are as hereinbefore defined). The term 
"aryloxy" as used herein unless otherwise stated includes "aryl"-0-groups in which 'aryl" is as 
hereinbefore defined. The term "sulphonyloxy" as used herein refers to alkylsulphonyloxy and 
arylsulphonyloxy groups in which "alkyl" and "aryl" are as hereinbefore defined. The term 
30 "alkanoyl" as used herein unless otherwise stated includes alkylCO groups in which "alkyl" is 
as defined hereinbefore, for example ethanoyl refers to CH ? C=0. In this specification unless 
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-"-«-«-- «* « "alkeny,- indudea « stra, 8 h. «, ^ ctai „ ^ 
u, recces ,o individual ^ groups such „ ^ ^ - - 

M*™ ^preferably 3.^0™. in^^^^^ 

Un.es, otherwrse stated lerm w advaniageously refers (o 
a»ms. preferably 3-4 carton atoms. 

Within the present invention i, is to be understood tha, a cinnoiine of rhe formula , or 

this specified can reprKe „, onIy one of the possibie rautomeric forras. „ is to be 
underarood that .he invention encorapasses any tautomeric forra which inhibits VEGf receptor 

within the formulae drawings. 

''f^^^^^tacemincinnoiinesofthefonnuia.andsal^ereof 
T 7 SOlVa " d M 35 f °™ - - for example, hydrated forras „ is , 

be undcood that -he invenUon encorapa^ a,, such soivated fonns which «bi,VHOP 
20 receptor tyrosine kinase activity. 

For the avoidarce of any doubt, i, is to be understood da, „he„ X' is for examole 

cinnohnc „„ 8 a„ d lhe ^ (CQ) ^ js ^ ^ R , ^ ^ ^ 
example, a group of fon.n, . C0NR ,, it is ^ cartony , ^ which . ^ 

^ ^"-""eandthenitrogcnatorabeasingtheR^ronpisa^,^, Asimilar 

— m ^ r ».^d W ,woa tom X.Un ki „ 88 ro 11 p Ssuc h a s. NR , 1S o : .^. so , NR , v 
Whe X ts-NR - it is the nitrogen atom bearing the R n group which is linked to the " 
cn^e ring and ,o R 1 An a„a,o g ous convention applies ,o odier groups. „ is further to be 

^ understood tha, when X' repents -NR«. and R l! is C,. J a,koxyC.,a,kv, i, is the C. .alkvl 

30 rnoie, which -"-d ,o,he„i,ro 8 e„a,oraof X' andanan.logousconventionapp e " 
other groups. F 
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For the avoidance of any doubt, it is to be understood that in a compound of the 
formula I when R 4 is a group R 5 -X' and R 5 is. for example, a group of formula (CH,)„R 31 . it is 
the terminal (CH,),, moiety which is bound to X\ similarly when R 5 is. for example, a group 
of formula C^alkenylR 31 it is the C,. 5 alkenyl moiety which is bound to X' and an analogous 
5 convention applies to other groups. When R 5 is a group l-R J, prop-l-en-3-yl it is the first 
carbon to which the group R JI is attached and it is the third carbon which is linked to X' and 
an analogous convention applies to other groups. 

The present invention relates to the compounds of formula I as hereinbefore defined 
as well as to the salts thereof. Salts for use in pharmaceutical compositions will be 
1 0 pharmaceutical^ acceptable salts, but other salts may be useful in the production of the 
compounds of formula I and their pharmaceutically acceptable salts. Pharmaceutical ly 
acceptable salts of the invention may, for example, include acid addition salts of the compounds 
of formula I as hereinbefore defined which are sufficiently basic to form such salts. Such acid 
addition salts include for example salts with inorganic or organic acids affording 
15 pharmaceutically acceptable anions such as with hydrogen halides (especially hydrochloric or 
hydrobromic acid of which hydrochloric acid is particularly preferred) or with sulphuric or 
phosphoric acid, or with trifluoroacetic. citric or maleic acid. In addition where the compounds 
of formula I are sufficiently acidic, pharmaceutically acceptable salts may be formed with an 
inorganic or organic base which affords a pharmaceutically acceptable cation. Such salts with 
20 inorganic or organic bases include for example an alkali metal salt, such as a sodium or 

potassium salt, an alkaline earth metal salt such as a calcium or magnesium salt, an ammonium 
salt or for example a salt with methylamine, dimethyiamine, trimethylamine. piperidine. 
morpholine or tris-(2-hydroxyethyl)amine. 

A compound of the formula I, or salt thereof, and other compounds of the invention 
25 (as hereinafter defined) may be prepared by any process known to be applicable to the 
preparation of chemically-related compounds. Such processes include, for example, those 
illustrated in European Patent Applications Publication Nos. 0520722, 0566226, 0602851 and 
0635498. Such processes, are provided as a further feature of the invention and are as 
described hereinafter. Necessary starting materials may be obtained by standard procedures of 
30 organic chemistry. The preparation of such starting materials is described within the 
accompanying non-limiting Examples. Alternatively necessary starting materials are 
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obraioabfe by anaiogous procedure, » those i||uarattd ^ ^ ^ fc ^ 
organic chemist. 

Thus the following processes (a) to (g) and (i) to (v) constitute further features of the 
present invention. 

5 Synthesis of ComnniinHc of Formula 1 

(a) expounds of.be formula I and sate .hereof may be prepared bv ,he reacrion of a 
compound of the formula III: 



10 





(III) 

15 (wherein R', R< and R< are as defined hereinbefore and L' is a displaceab.e moietv, with a 
compound of the formula IV: 

< R3 >m 



20 



(IV) 

(wherem Z. R> and m are as defined hereinbefore) whereby to obtain compounds of the formula 
I and salts thereof. A convenient displaceable moiety V is. for example, a halogeno. alkoxv 
-5 (preferably C M alkoxy), ary,oxy or su.phonyloxy group, for example a chloro. bromo. methoxy 
phenoxy, methanesulphonyloxy or toluene-4-sulphonyloxy group. 

The reaction is advantageously effected in the presence of either an acid or a base 
Such an acid is, for example, an anhydrous inorganic acid such as hvdroeen chloride. Such a 
base ,s. for example, an organic amine base such as. for example, pyridine. 2.6-lutidine 
30 colhdme. 4-dimethylaminopyridine. triethylamine. morpholine. N-methv.morphoIine or 
d 1 a Z abicyclo[5.4.0]unde C -7-ene. or for example, an alkali metal or alkaline earth metal 
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carbonate or hydroxide, for example sodium carbonate, potassium carbonate, calcium 
carbonate, sodium hydroxide or potassium hydroxide. Alternatively such a base is. for 
example, an alkali metal hydride, for example sodium hydride, or an alkali metal or alkaline 
earth metal amide, for example sodium amide or sodium bis(trimethylsilyl)amide. The reaction 
5 is preferably effected in the presence of an inert solvent or diluent, for example an alkanol or 
ester such as methanol, ethanol. isopropanol or ethyl acetate, a halogenated solvent such as 
methylene chloride, trichloromethane or carbon tetrachloride, an ether such as tetrahydrofuran 
or 1 .4-dioxan, an aromatic hydrocarbon solvent such as toluene, or a dipolar aprotic solvent 
such as N,N-dimethyIformamide, N,N-dimethylacetamide. N-methylpyrrolidin-2-one or 
1 0 dimethylsulphoxide. The reaction is conveniently effected at a temperature in the range, for 
example. 10 to 1 50°C preferably in the range 20 to 80°C. 

The compound of the invention may be obtained from this process in the form of the 
free base or alternatively it may be obtained in the form of a salt with the acid of the formula 
H-L' wherein L' has the meaning defined hereinbefore. When it is desired to obtain the free 
1 5 base from the salt, the salt may be treated with a base as defined hereinbefore using a 
conventional procedure. 

(b) Where the group of formula Ila: 



20 



(Ha) 

(wherein R 3 and m are as hereinbefore defined) represents a phenyl group carrying one or more 
hydroxy groups, a compound of the formula I and salts thereof can be prepared by the 
25 deprotection of a compound of formula V: 
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(V) 



(wherein n, R', R\ R- R 4 and Z are as hereinbefore defined. P represents a phenolic hvdroxv 
> protecting group and p' is an integer from 1 to 5 equal to the number of protected hvdroxv ' 
groups and such that m-p« is equal to the number of R> substituents which are not protected 
hydroxy, The choice of phenolic hydroxy protecting group P is within the standard Pledge 
of an organic chemist, for example those included in standard texts such as "Protective Groups 
in Organic Synthesis" T.W. Greene and R.G.M.Wuts. 2nd Ed. Wiley 1991 . including ethers 
10 (for example, methyl, methoxymethyl, allyl and benzyl), silyl ethers (for example ~ 

t-buty.diphenylsi.yl and t-buty.dimethy.si.vl), esters (for example, acetate and benzoate, and 
carbonates (for example, methyl and benzyl). The removal of such a phenolic hvdroxy 
protectmg group may be effected by any of the procedures known for such a transformation 
tncludmg those reaction conditions indicated in standard texts such as that indicated 
1 5 hereinbefore, or by a related procedure. The reaction conditions preferablv being such that the 
hydroxy derivative is produced without unwanted reactions at other sites within the starting or 
product compound, For example, where the protecting group P is acetate, the transformation 
may conveniently be effected by treatment of the cinnoline derivative with a base as defined 
herembefore and including ammonia, and its mono and di-a.ky.ated derivatives, preferablv in 
20 the presence of a protic solvent or co-solvent such as water or an alcohol, for example methanol 
or ethanol. Such a reaction can be effected in the presence of an additional inert solvent or 
dtluent as defined hereinbefore and at a temperature in the range 0 to 50'C, conveniently at 
about 20°C. 

(O Production of those compounds of formula I and salts thereof wherein the subsumem 
25 R represents R'-X' and X' is .0, -S. or -NR". (wherein R 11 is as hereinbefore defined, can be 
ach.eved by the teacdon. convenient* in ,he presence ofa base as defined hereinbefore, of a 
compound of the formula VI: 
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(VI) 

(wherein m ? X'. R\ R 2 , R 3 . and Z are as hereinbefore defined) with a compound of formula VII: 

10 

R 5 -L' (VII) 

(wherein R 5 and L' are as hereinbefore defined); L 1 is a displaceable moiety for example a 
halogeno or sulphonyloxy group such as a bromo or methanesulphonyloxy group. The reaction 
15 is preferably effected in the presence of a base (as defined hereinbefore in process (a)) and 
advantageously in the presence of an inert solvent or diluent (as defined hereinbefore in process 
(a)), advantageously at a temperature in the range, for example 10 to I50°C, conveniently at 
about 50°C. 

(d) Compounds of the formula I and salts thereof wherein the substituent R 4 represents R 5 - 
20 X 1 may be prepared by the reaction of a compound of the formula VIII: 



25 




(VIII) 

with a compound of the formula IX: 



30 



R*-X'-H 



(IX) 



WO 97/34876 _ 30 _ PCT/GB97/00650 



(wherein L'. R', R\ R'. R >. Z , m ^ x < are a „ as hereinbef()re defined) ^ ^ 
conveniently be effected in the presence of a base (as defined hereinbefore in process (a)) and 
advantageously in the presence of an inert solvent or diluent (as defined hereinbefore in process 
(a)), advantageously at a temperature in the range, for example 10 to 150°C. convenient at 
5 about 100°C. 

(e) Compounds of the formula I and salts thereof wherein R 4 represents R>-X> and R 5 is 
C^alkylR", [wherein R" is selected from one of the following four groups: 

1 l 5 X,0 6 ? Oalk " Vl (WhCrein X '° rePreSemS " S "" " S ° 3 *' NR65C °- NR " S0 = or NR6 ' ( wi "*ein 
R" R" and R" each independently represents hydrogen. C, 3 alkyl or C,. 3 alkoxyC, 3 alkvl))- 

10 2) NR-R- (wherein R« and R« which may be the same or different are each hvdrogen. C.' 
3 alkyl or C.^alkoxyC^alkyl); 

3) X"C,,alkylX<R" (wherein X" is -O, -S-, -SO,-. NR»CO, NR»SO : or NR- (wherein R» 
R" and R» each independently represents hydrogen. Chalky! or C^alkoxyC^alkvl) and X' 
and R 24 are as defined hereinbefore); and 
15 4) an aromatic heterocyclic group selected from pyrrolyl, imidazolyl. pyrazolvl and triazolyl 
(which aromatic heterocyclic group is linked to the C„alkyl moiety via a nitrogen atom of the 
heterocyclic ring and which aromatic heterocyclic group may carry up ,o 4 substituents 
selected from halogeno. C M alkyl. C M aIkoxy. C.Jwdroxyalkyl, C^hydroxyalkoxv. carboxy 
cyano. CONR»R" and NR W (wherein R" R" a„ d R » wnicn mav be tne ^ „ 
20 Afferent, each represents hydrogen or C M alkyl)), or a 5 or 6 membered saturated heterocyclic 
group with one or two heteroatoms. of which one is nitrogen and the other one mav be 
selected independently from O. S and N. (which heterocyclic group is linked to the C, 5 alkvl 
moiety via a nitrogen atom of the heterocyclic group and which heterocyclic C rou P mav bear 
one or two substituents selected from halogeno, CMalkyl, C M hydroxyalkyl and C^alkoxy)], 
25 may be prepared by reacting a compound of the formula X: 
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(X) 



(wherein L', X'. R'. R\ R\ Z and m are as hereinbefore defined and R 77 is C M alkyl) with a 
5 compound of the formula XI: 



R M -H (XI) 



(wherein R 64 is as defined hereinbefore) to give a compound of the formula I. The reaction may 
10 conveniently be effected in the presence of a base (as defined hereinbefore in process (a)) and 
advantageously in the presence of an inert solvent or diluent (as defined hereinbefore in process 
(a)), and at a temperature in the range, for example 0 to 150°C. conveniently at about 50°C. 

(f) The production of those compounds of the formula I and salts thereof wherein the 
substituent R' is represented by NR 6 R 7 . where one or both of R< and R 7 are C,. 3 alkyl. may be 
15 effected by the reaction of compounds of formula I wherein the substituent R' is an amino 
group and an alkylating agent preferably in the presence of a base as defined hereinbefore. 
Such alkylating agents are C, 3 alkyl moieties bearing a displaceable moiety as defined 
hereinbefore such as C, 3 alkyl halides for example C,. 3 alkyl chloride, bromide or iodide. The 
reaction is preferably effected in the presence of an inert solvent or diluent (as defined 
20 hereinbefore in process (a)) and at a temperature in the range, for example. lOto 100°C. 
conveniently at about ambient temperature. This process can also be used for preparing 
compounds in which R'-X' is an alkylamino or dialkylamino group. 

(g) The production of compounds of formula I and salts thereof wherein one or more 
of the substituents R\ R' or R' is an amino group or where R'-X' is amino may be effected by 
25 the reduction of a corresponding compound of formula I wherein the substituent(s) at the 
corresponding position(s) of the cinnoline and/or phenyl ring is/are a nitro group(s). The 
reduction may conveniently be effected as described in process (i) hereinafter. The 
production of a compound of formula I and salts thereof wherein the substituent(s) at the 
corresponding position(s) of the cinnoline and/or phenyl ring is/are a nitro group(s) may be 
30 effected by the processes described hereinbefore and hereinafter in processes (a-e) and (i-v) 
using a cinnoline compound selected from the compounds of the formulae (I-XXVIII) in 
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is/are a nitro group(s). ' S 

Synthesis ofjntermediatgs 

"alogcnaung a compound oflhe formula XII: 



10 




H 



(XII) 

(wherein R'. R> and R< are as hereinbefore defined). 
^ eh, V, ?T iOThal08era,in8 aBemSi ™' Udeiror6MiCaCid ^ 

h o„ de . phospho^n^ pnosphonls(v>Dxychloride Md phosphoras(V)chlorjde • 

halogeoauon reacrion is convenient efiecred in Ore pre^ofan inen solven, or diiuen, such 
«rach,on coranaromauc hydrocarbon soiven, such as benzene or roluene. The reacdon is 
range 40 to 1 00°C. 

The compounds of fonrnda X„ aod sahs .hereof which constae a further fearure of 



*e presen, invention may for exampie be prepared by reacring a compound of *e formuia X,„: 



25 




30 



(XIII) 
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as 



(wherein R'. R-' and L' are as hereinbefore defined) with a compound of the formula IX ; 
hereinbefore defined. The reaction may conveniently be effected in the presence of a base (as 
defined hereinbefore in process (a)) and advantageously in the presence of an inert solvent or 
diluent (as defined hereinbefore in process (a)), advantageously at a temperature in the range, 
5 for example 1 0 to 1 50°C. conveniently at about 1 00°C. 

The compounds of formula XII and salts thereof may also be prepared by cyclising a 
compound of the formula XIV:- 



R2 

10 



CH 3 



(XIV) 

(wherein R', R 2 and R« are as hereinbefore defined) whereby to form a compound of formula 
XII or salt thereof. The cyclisation may be conveniently effected in the presence of a mineral 
or organic acid, for example sulphuric acid, hydrochloric acid or acetic acid or a mixture 
thereof, preferably at a temperature in the range 20°C to 100"C. especially 50-80°C or if 
20 desired under pH-controlled conditions, advantageously at a P H of 4.0 to 8.5. Preferably the 
P H of the solution is maintained within the range of 6.5 to 8.0. The desired pH is 
conveniently obtained by the use of an inert base or by the use of an aqueous solution of such 
a base. Bases which may be used include alkali metal bicarbonates, carbonates or hydroxides 
or organic amines such as for example pyridine or tertiary amines such as triethylamine. 
25 diisopropylethylamine. 2.6-lutidine, co.lidine. 4-dimethylaminopyridine 0r methy.morpholine 
[for example as described in US Patent No. 4,620,000 (L.R. Denes) or DD 258809 (Hirsch et 
ai] 

The compounds of formula XIV and salts thereof, which constitute a further feature of 
the present invention, may for example be prepared by diazotisation of a compound of the 
30 formula XV:- 
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(XV) 

m.„era, ac,d such as „ ydrocnloric or ^ ^ or fc ^ ^ 
as acenc acd or ,„ *e presenc, of a raixture of suc „ ^ ^ ^ ^ 
advamageousiy effaced a, a .emperarure i„ * ™ Be ^ the freHjns 
reacuon mixmre and 2 0°c. preferably f rom 0 to 20°C. 

K ^'^"-PO^offonnulaXI.ar.prer^dbvd^isa.ionandir,^ 

and Herbert A. Annalen der Chemie. Volume 546, p293-303 

Compounds of formula XV a*, salrs .hereof, wbieh consurure a funber fearure of.be 
pmsen, mvenuon, may for example be spared by reducrion of me nino group in . 
20 compound of formula XVI: 



25 




30 



(XVI) 
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(wherein R'. R 2 and R* are as hereinbefore defined) to yield a compound of formula XV as 
hereinbefore defined or salt thereof. The reduction of the nitro group may conveniently be 
effected by any of the procedures known for such a transformation. The reduction may be 
carried out. for example, by hydrogenation of a solution of the nitro compound in the presence 
5 of an inert solvent or diluent as defined hereinbefore preferably in the presence of a metal 
hydrogenation catalyst such as palladium or platinum. A further reducing agent is, for 
example, an activated metal such as activated iron (produced for example by washing iron 
powder with a dilute solution of an acid such as hydrochloric acid). Thus, for example, the 
reduction may be effected by heating a mixture of the nitro compound and the activated metal 
10 in the presence of a solvent or diluent such as a mixture of water and alcohol, for example 
methanol or ethanol. to a temperature in the range, for example, 50 to 1 50°C, conveniently at 
about 70°C. 

Where the reduction is effected in the presence of activated iron, this is 
advantageously produced in situ, conveniently by the use of iron, generally iron powder, in the 
1 5 presence of acetic acid/water and preferably at about 1 00°C. 

The compounds of formula XVI and salts thereof which constitute a further feature of 
the present invention may for example be produced by reacting a compound of formula XVII: 



20 



, r ° 

L i>^A N -o 



(XVII) 

25 

(wherein R\ R 2 and L' are as hereinbefore defined) with a compound of formula IX as 
hereinbefore defined to yield a compound of formula XVI as hereinbefore defined or salt 
thereof. The reaction of the compounds of formula XVII and IX is conveniently effected under 
conditions as described for process (d) hereinbefore. 
30 Compounds of formula XVII and salts thereof may for example be prepared by 

nitration of a compound of the formula XVIII:- 
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2 



(XVIII) 

5 (wherein R 1 , R> and L' are as hereinbefore deflned, whereby ,„ mm, . corapound 

XV,„ as hereinbefore deflned or a sal, thereof. The nitnrfion is convenient effected in the 
presence of nitric acid which may be dilute or concentrated, bu, is preferablv about 70% nitric 
actd. The nttratton is conveniently effected at a temperature in the range 0 to 20°C The 
nttration may also be effected in the presence of a Lewis acid ctnalys, such as tin.1 V,ch.oride 
1 0 Where a Lewis acid candy* is used the reacnon is advantageously effected a. a lower 

temperature. convenienUy in the range -50 to 0°C. preferably at about .*>°C. preferablv i„ the 
presence of methylene chloride. 

The compounds of formula XVI, as defined hereinbefore, and salts thereof mav for 
example be prepared by nitration of compounds of the formula XVII, in which the L' moietv is 
15 replaced by R\ The nitration is conveniently effected as described hereinbefore. 

The compounds of formula XIII. as defined hereinbefore, and salts thereof mav for 
example be prepared from compounds of the formulae XIV and XV. in which the R J .roup is 
replaced by the moiety V. the reactions may be effected by processes as described above for 
the preparation of compounds of formula XI, from compounds of formulae XIV and XV 
20 Compounds of the formu,a XV in which the R 4 groU p is replaced by the moiety L< mav be 
prepared by the reduction of the nitro group in compounds of the formua XVII. the reduction 
may be effected as defined hereinbefore. 

The compounds of formula III and salts thereof wherein R* represents R'-X' mav also 
be prepared for example by reacting a compound of the formula XIX- 

25 
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(XIX) 



5 (wherein R\ R 2 and X 1 are as hereinbefore defined and L 2 represents a displaceable protecting 
moiety) with a compound of the formula VII as hereinbefore defined whereby to obtain a 
compound of formula III in which L' is represented by L 2 . 

A compound of formula XIX is conveniently used in which L 2 represents a phenoxy 
group which may if desired carry up to 5 substituents, preferably up to 2 substituents. selected 
1 0 from halogeno, nitro and cyano. More preferably L 2 is chloro. The reaction may be 
conveniently effected under conditions as described for process (c) hereinbefore. 

The compounds of formula XIX and salts thereof as hereinbefore defined may for 
example be prepared by deprotecting a compound of formula XX: 



15 



P-X 




(XX) 

20 

(wherein R', R 2 , P, X' and L 2 are as hereinbefore defined). Deprotection may be effected bv 
techniques well known in the literature, for example where P represents a benzyl group 
deprotection may be effected by hydrogenolysis. or by treatment with trifluoroacetic acid. 

One compound of formula III may if desired be converted into another compound of 
25 formula III in which the moiety L' is different. Thus for example a compound of formula III in 
which L' is other than halogeno, for example optionally substituted phenoxy, mav be converted 
to a compound of formula III in which L' is halogeno by hydrolysis of a compound of formula 
III (in which L' is other than halogeno) to yield a compound of formula XII as hereinbefore 
defined, followed by introduction of halide to the compound of formula XII, thus obtained as 
30 hereinbefore defined, to yield a compound of formula III in which L' represents halogen. 
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fii) The compounds of formula V and salts thereof, constitute a further feature of the 
present invention, and may for example be prepared by the reaction of a compound of formula 
III as hereinbefore defined with a compound of the formula XXI: 

< r3 W p ' 

(OP) p l 



(XXI) 

10 (wherein R\ m , p», P and Z are as hereinbefore defined), whereby to form a compound of 
formula V as hereinbefore defined or a salt thereof. The reaction may for example be effected 
as described for process (a) hereinbefore. 

The compounds of formula V and salts thereof wherein R 4 represents R 5 -X' may also 
be prepared by reacting a compound of formula XXII: 




15 



20 




(OP) p , 



(XXII) 



(wherein R'. tf. V. Z, R\ m. p' and P are as hereinbefore defined) with a compound of formula 
25 IX as hereinbefore defined, whereby to form a compound of formula V as hereinbefore defined 
or a salt thereof. The reaction may for example be effected as described for process (d) above. 

The compounds of formula V and salts thereof wherein R 4 represents R'-X' may also 
be prepared by reacting a compound of formula XXIII: 
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(0P) p . 



(XXIII) 



(wherein R', R\ R\ X', Z, P, p' and m are as hereinbefore defined) with a compound of the 
1 0 formula VII as hereinbefore defined, whereby to form a compound of formula V as 

hereinbefore defined or a salt thereof. The reaction may for example be effected as described 
for process (c) hereinbefore. 

The compounds of formula XXII and salts thereof, which constitute a further feature 
of the present invention, may for example be prepared by reaction of a compound of formula 
15 XXIV: 



20 




(XXIV) 



(wherein R\ R 2 , and L' are as hereinbefore defined, and L' in the 4- and 7- positions may be the 
same or different) with a compound of the formula XXI as hereinbefore defined whereby to 

25 form a compound of formula XXII as hereinbefore defined or a salt thereof. The reaction may 
be effected for example by a process as described in (a) above. 

Compounds of the formulae XX and XXIV may be prepared by any convenient 
known method, but may for example be prepared by introducing the moiety V or L' as 
hereinbefore defined into a compound corresponding to a compound of formula XII but in 

30 which the group R< is replaced by the moiety P-X' or L'. The reaction may be effected for 
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example by a process as described for the preparation of compounds of formula III from 
compounds of formula XII as described in (i) above. 

Compounds of the formu.a XXII, and salts thereof, which constitute a further feature 
of the present invention, may be made by deprotecting a compound of formula XXV: 



P-X 




(OP) p) 



(XXV) 

(wherein R' R» tf. ,, 2 , X', p' and m are as hereinbefore defined ) wherebv to form a 
compound offormula XXIII or salt thereof. Defection of the compound of formu.a XXV 
10 may for example be effected as described in (i) above. 

The compounds offormula XXV and salts thereof constitute a further feature of the 
present invention and may be prepared, for example, by reacting a compound of formula XX as 
herembefore defined with a compound offormula XXI as hereinbefore defined. The reaction 
may for example be effected as described in process (a). 
15 Compounds of the formula V. as hereinbefore defined, and salts thereof wherein R* 

represents R>-X« and R 5 is C, 5 aIky.R", wherein R 64 is as hereinbefore defined, mav also be 
prepared by the reaction of a compound offormula XXVI: 




(XXVI) 
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(wherein L«. R 77 , X'. R'. R\ R\ Z , P. m and p' are as defined hereinbefore) with a compound of 
the formula XI as defined hereinbefore, under the conditions described in (e) above. 

Compounds of the formula XXVI and salts thereof, which constitute a further feature 
of the present invention, may be made for example by reacting compounds of the formulae 
5 XXIII as defined hereinbefore, with a compound of the formula XXVII: 

L'-R 77 -L' 

(XXVII) 

10 (wherein L'and R" are as hereinbefore defined) under the conditions described in (c) above. 

(iii) Compounds of the formula VI. as hereinbefore defined, and salts thereof constitute a 
further feature of the present invention and may be prepared by deprotecting the compound of 
formula XXVIII: 



15 P-X 




m 



(XXVIII) 



(wherein R 1 . R\ R\ P. Z, X' and m are as hereinbefore defined) for example by a process as 
described in (i) above. 

20 Compounds of the formula XXVIII and salts thereof, which constitute a further 

feature of the present invention, may for example be prepared by reacting compounds of the 
formulae XX and IV as hereinbefore defined advantageously under the conditions described in 
(a) hereinbefore, to give a compound of the formula XXVIII as hereinbefore defined or salt 
thereof. 

25 (iv) Compounds of the formula VIII as hereinbefore defined and salts thereof which 

constitute a further feature of the present invention may for example be prepared by reacting 
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compounds of the formulae XXIV and IV as hereinbefore defined, the reaction may for 
example be effected by a process as described in (a) above. 

(v) Compounds of the formula X as defined hereinbefore and salts thereof constitute a 
further feature of the present invention and may for example be made by reacting compounds 
5 of the formulae VI and XXVII as defined hereinbefore, the rea ction may be effected for 
example by a process as described in (c) above. 

Compounds of the formula X and salts thereof may also be made for example by 
deprotecting a compound of the formula XXVI, as hereinbefore defined, by a process for 
example as described in (b) above. 

10 When a pharmaceutical^ acceptable salt of a compound of the formula I is required 

it may be obtained, for example, by reaction of said compound with, for example, an acid usina 
a conventional procedure, the acid having a pharmaceutically acceptable anion. 

Many of the intermediates defined herein are novel, for example, those of the 
formulae III. V, VI, X, XII. XIV, XV, XVI. XXII. XXIII. XXV, XXVI and XXVIII and these 
1 5 are provided as a further feature of the invention. 

The identification of compounds which potently inhibit the tyrosine kinase activity 
associated with the VEGF receptors such as Fit and/or KDR and which inhibit angiogenesis 
and/or increased vascular permeability is desirable and is the subject of the present invention. 
These properties may be assessed, for example, using one or more of the procedures set out 
20 below: 

fa) In Vitro Rpr^t^ Tyrosine Ki nase Inhibition T^t 

This assay determines the ability of a test compound to inhibit tyrosine kinase 
activity. DNA encoding VEGF or epidermal growth factor (EOF) receptor cytoplasmic 
domains may be obtained by total gene synthesis (Edwards M, International Biotechnology Lab 

25 5(3), 19-25. 1987) or by cloning. These may then be expressed in a suitable expression svstem 
to obtain polypeptide with tyrosine kinase activity. For example VEGF and EGF receptor 
cy toplasmic domains, which were obtained by expression of recombinant protein in insect cells, 
were found to display intrinsic tyrosine kinase activity. In the case of the VEGF receptor Fit 
(Genbank accession number X51602), a 1.7kb DNA fragment encoding most of the 

30 cytoplasmic domain, commencing with methionine 783 and including the termination codon. 
described by Shibuya et al (Oncogene. 1990. 5: 519-524). was isolated from cDNA and cloned 
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into a baculovirus transplacemem vector (for example pAcYMl (see The Baculovirus 
Expression System: A Laboratory Guide. L.A. King and R. D. Possee. Chapman and Hall. 
1992) or P Ac360 or pBlueBacHis (available from Invitrogen Corporation)). This recombinant 
construct was co-transfected into insect cells (for example Spodoptera frugiperda 2 1 (Sf21 )) 
5 with viral DNA (eg Pharmingen BaculoGold) to prepare recombinant baculovirus. (Details of 
the methods for the assembly of recombinant DNA molecules and the preparation and use of 
recombinant baculovirus can be found in standard texts for example Sambrook et al. 1989. 
Molecular cloning - A Laboratory Manual. 2nd edition. Cold Spring Harbour Laboratory Press 
and O'Reilly et al. 1992, Baculovirus Expression Vectors - A Laboratory Manual. W. H. 
10 Freeman and Co. New York). For other tyrosine kinases for use in assays, cytoplasmic 
fragments starting from methionine 806 (KDR. Genbank accession number L04947) and 
methionine 668 (EGF receptor. Genbank accession number X00588) may be cloned and 
expressed in a similar manner. 

For expression of cFlt tyrosine kinase activity. Sf2 1 cells were infected with 
1 5 plaque-pure cFlt recombinant virus at a multiplicity of infection of 3 and harvested 48 hours 
later. Harvested cells were washed with ice cold phosphate buffered saline solution (PBS) 
(lOmM sodium phosphate pH7.4, 138mM NaCI. 2.7mM KC1) then resuspended in ice cold 
HNTG/PMSF (20mM Hepes pH7.5, 150mM NaCI. 10% v/v glycerol. 1% v/v Triton XI 00. 
1.5mM MgCl,, ImM ethylene glycol-bis(Paminoethyl ether) N.N.N\N'-tetraacetic acid 
20 (EGTA), ImM PMSF (phenylmethylsulphonyl fluoride); the PMSF is added just before use 
from a freshly-prepared lOOmM solution in methanol) using 1ml HNTG/PMSF per 10 million 
cells. The suspension was centrifuged for 10 minutes at 13.000 rpm at 4°C, the supernatant 
(enzyme stock) was removed and stored in aliquots at -70°C. Each new batch of stock enzyme 
was titrated in the assay by dilution with enzyme diluent (lOOmM Hepes pH 7.4. 0.2mM 
25 Na 3 VO„ 0.1% v/v Triton XI 00, 0.2mM dithiothreitol). For a typical batch, stock enzyme is 
diluted 1 in 2000 with enzyme diluent and 50ul of dilute enzyme is used for each assay well. 

A stock of substrate solution was prepared from a random copolymer containing 
tyrosine, for example Poly (Glu. Ala, Tyr) 6:3: 1 (Sigma P3899), stored as 1 mg/ml stock in 
PBS at -20°C and diluted 1 in 500 with PBS for plate coating. 
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On the day before the assay 1000 of diluted substrate solution was dispensed into all 
welis of assay plates (Nunc maxisorp 96-well immunoolates) which were sealed and left 
overnight at 4°C. 

On the day of the assay ,he substrate solution was discarded ami the assay plate „ ells 
a ware washad o„aa with PBST (PBS containing 0.05% v/v Tween 20) and once with 50mM 
Hepes pH7.4. 

Test compoonds wara diluted with 10% dimethylsulphox.de (DMSO) and 25m of 
d,lu,ed compound was tiansfen-ed to we,ls in me washed assay P ia,es. "Total" contrel wells 
contained 10% DMSO instead of compound. Twenty five microlitres of 40mM MnCI 
10 containing SpM adenosincS'-triphosphate (ATP) was added to all test wells except "blank" 
contio! wells which contained MnCI, without ATP. To Stan the teactions 50 M 1 of fieshlv 
dtluted enzyme was added to each well and me plates went incubated a. room temperature for 
20 mtnutes. The liquid was then discarded and the wells were washed twice with PBST One 
hundred microlitres of mouse IgO anti-phosphotyresine antibody (Upstate Biotechnology Inc 
15 produc,05-32.),dil„,ed I in 6000 with PBST containing 0.5% w/v bovine serum albumin ' 
(BSA), was added to each well and the plates were incubated for 1 hour a, room temperature 
before discarding the liquid ami washing the wells twice with PBST. On, huntked microlitres 
of honte radish petoxidase (HRr>.,inked sheep anti-mouse Ig antibody (Amentham product 
NXA 93 1 ), diluted I in 500 with PBST containing 0.5% „/v BSA. was added and the plates 
20 -"to^forlteura^m^p^^^^^,^.^^^ 
wells twice with PBST. One hundted microlitres of 2.2^„o.bisa^ylbenz,hiazoli TO -(i. 
sulphonic acid) (ABTS) solution, freshly prepared using one 50mg ABTS .able, (Boehringer 
1204 521) tn 50ml freshly prepared 50mM phosphate-citrate buffer pHS.O + 0.03% sodium 
perborare (made with 1 phosphate citiate buffer win, sodium perborate (PCSB, capsule (Sizma 
25 P4922) per ,00ml distilled water,, was added to each well. P laK s were then incubated for ^ 
60 mmutes a. room remperature until the optical density value of the "total" control wells 
measured at 405tun using a plate reading spectrophotometer, was approximately I 0 "Blank" 
(no ATP) and "total" (no compound) control values were used ,„ determine the dilution ranae 
of test compound which gave 50% inhibtion of enzyme activity. 
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(b) In Vitro HUVF C Proliferation a«»v 

This assay determines the ability of a test compound to inhibit the growth factor- 
stimulated proliferation of human umbilical vein endothelial cells (HUVEC). 

HUVEC cells were isolated in MCDB 131 (Gibco BRL) + 7.5% v/v foetal calf serum 
5 (FCS) and were plated out (at passage 2 to 8). in MCDB 131+ 2% v/v FCS + 3ug/ml heparin - 
1 fig/ml hydrocortisone, at a concentration of 1 000 cells/well in 96 well plates. After a 
minimum of 4 hours they were dosed with the appropriate growth factor (i.e. VEGF 3ng/ml. 
EGF 3ng/ml or b-FGF 0.3ng/ml) and compound. The cultures were then incubated fir 4 days 
at 37°C with 7.5% CO,. On day 4 the cultures were pulsed with 1 uCi/well of tritiated- 
10 thymidine (Amersham product TRA 6 1 ) and incubated for 4 hours. The cells were harvested 
using a 96-well plate harvester (Tomtek) and then assayed for incorporation of tritium with a 
Beta plate counter. Incorporation of radioactivity into cells, expressed as cpm. was used to 
measure inhibition of growth factor-stimulated cell proliferation by compounds. 

15 (c) In Vivo Rat Uterine Oedema Assay 

This test measures the capacity of compounds to reduce the acute increase in uterine 
weight in rats which occurs in the first 4-6 hours following oestrogen stimulation. This early 
increase in uterine weight has long been known to be due to oedema caused by increased 
permeability of the uterine vasculature and recently Cullinan-Bove and Koos (Endocrinology. 
20 1993.133:829-837) demonstrated a close temporal relationship with increased expression of 
VEGF mRNA in the uterus. We have found that prior treatment of the rats with a neutralising 
monoclonal antibody to VEGF significantly reduces the acute increase in uterine weight, 
confirming that the increase in weight is substantially mediated by VEGF. 

Groups of 20 to 22-day old rats were treated with a single subcutaneous dose of 
25 oestradiol benzoate (2.5ug/rat) in a solvent, or solvent only. The latter served as unstimulated 
controls. Test compounds were orally administered at various times prior to the administration 
of oestradiol benzoate. Five hours after the administration of oestradiol benzoate the rats were 
humanely sacrificed and their uteri were dissected, blotted and weighed. The increase in 
uterine weight in groups treated with test compound and oestradiol benzoate and with 
30 oestradiol benzoate alone was compared using a Student T test. Inhibition of the effect of 
oestradiol benzoate was considered significant when pO.OS. 



WO 97/34876 PCT/GB97/00650 



According to a further aspect of the invention there is provided a pharmaceutical 
composition which comprises a compound of the formula I as defined hereinbefore or a 
pharmaceutical* acceptable salt thereof, in association with a pharmaceutical* acceptable 
excipient or carrier. 

The composition may be in a form suitable for oral administration, for example as a 
tablet or capsule, for parenteral injection (including intravenous, subcutaneous, intramuscular 
mtravascular or infusion) for example as a sterile solution, suspension or emulsion, for topical' 
admimstration for example as an ointment or cream or for rectal administration for example as 
a suppository. In general the above compositions may be prepared in a conventional manner 
10 using conventional excipients. 

The compositions of the present invention are advantageously presented in unit 
dosage form. The compound will normally be administered to a warm-blooded ammal at a unit 
dose within the range 5-5000mg per square metre body area of the animal, i.e. approximated 
0.1-I00mg/kg. A unit dose in the range, for example, l-100mg/kg, preferably i-50mg/k g is' 
1 5 envisaged and this normally provides a therapeutically-effective dose. A unit dose form such 
as a tablet or capsule will usually contain, for example l-250mg of active ingredient. 

According to a further aspect of the present invention there is provided a compound 
of the formula I or a pharmaceutical* acceptable salt thereof as defined hereinbefore for use in 
a method of treatment of the human or animal body by therapy. 
20 We have found that compounds of the present invention inhibit VEGF receptor 

tyrosine kinase activity and are therefore of interest for their antiangiogenic effects and/or their 
ability to cause a reduction in vascular permeability. 

Thus according to a further aspect of the invention there is provided the use of a 
compound of the formula I, or a pharmaceutical* acceptable salt thereof in the manufacture of . 
25 a medicament for use in the production of an antiangiogenic and/or vascular permeability 
reducing effect in a warm-blooded animal such as a human being. 

According to a further feature of the invention there is provided a method for 
producing an antiangiogenic and/or vascular permeability reducing effect in a warm-blooded 
animal, such as a human being, in need of such treatment which comprises administer^ to 
30 said animal an effective amount a compound of formula I or a pharmaceutical* acceptable 
salt thereof as defined hereinbefore. 
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As stated above the size of the dose required for the therapeutic or prophylactic 
treatment of a particular disease state will necessarily be varied depending on the host treated, 
the route of administration and the severity of the illness being treated. Preferably a daily dose 
in the range of l-50mg/kg is employed. However the daily dose will necessarily be varied 
5 depending upon the host treated, the particular route of administration, and the severitv of the 
illness being treated. Accordingly the optimum dosage may be determined by the practitioner 
who is treating any particular patient. 

The antiangiogenic and/or vascular permeability reducing treatment defined 
hereinbefore may be applied as a sole therapy or may involve, in addition to a compound of 
10 the invention, one or more other substances and/or treatments. Such conjoint treatment mav 
be achieved by way of the simultaneous, sequential or separate administration of the 
individual components of the treatment. In the Held of medical oncology i, is normal practice 
to use a combination of different forms of treatment to treat each patient with cancer. In 
medical oncology the other components) of such conjoint treatment in addition to the 
1 5 antiangiogenic and/or vascular permeability reducing treatment defined hereinbefore mav be: 
surgery, radiotherapy or chemotherapy. Such chemotherapy may cover three main categories 
of therapeutic agent: 

(i) other antiangiogenic agents that work by different mechanisms from those defined 
hereinbefore (for example linomide, inhibitors of imegrin av P 3 function, angiostatin. razoxin. 

20 thalidomide); 

(ii) cytostatic agents such as antioestrogens (for example tamoxifen.toremifene. raloxifene, 
droloxifene. iodoxyfene), progestogens (for example megestrol acetate), aromatase inhibitors 
(for example anastrozole, letrazole. vorazole, exemestane), amiprogestogens. antiandroaens 
(for example flutamide. nilutamide, bicalutamide. cyproterone acetate), LHRH agists and 

25 antagonists (for example goserelin acetate, iuprolide), inhibitors of testosterone 5a- 
dihydroreductase (for example finasteride), anti-invasion agents (for example 
metailoproteinase inhibitor, like marimastat and inhibitors of urokinase plasminogen activator 
receptor function) and inhibitors of growth factor function, (such growth factors include for 
example platelet derived growth factor and hepatocyte growth factor such inhibitors include 

30 growth factor antibodies, growth factor receptor antibodies, tyrosine kinase inhibitors and 
serine/threonine kinase inhibitors): and 



5 
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(HO and^Hferaf^an^ptaio drugs ^ c „ binatlom ^ _ ^ ^ 

oncology. such as antimetabolites (for example anufolatea like methotrexate 
fltKtropyrimmittes like 5 . fluorouracU . purjne Md cyiMjne ^ 

anutumour Nicies (for example anthracyclinea , ik , doxorubicin, daunomycin. epirubicm 
and tdarubicin. mitomycin*, dactinomycin. mithnmycin); p latmunl derivaljves 
csplatm. ctuboplafin); alMating agents (for example nitrogen mustard, melphalan 
chlorambucil, busulphan. cyclophosphamide, ifosfamide. nitrosoureas, thiotepa); anrimiroric 
agenrs (for example vinca alkaloids like vincristine and taxoids like taxol. taxotere)- 
topotsomerase inhibitora (for example epipodophylloroxins like eroposide and temposide 
1 0 amsacrine, topotecan). 

As atafed above me compounds denned in ,he presen, invemion are of interest for ,beir 
antmngiogenic and/or vascular permeabiMry Cueing errors. Sucheompoundsof.be 
tnvenuon are expected ,o be useful in a wide range of disease steres including cancer 
dtaberes. psoriasis, rheumaroid anhriUs. Kaposi, sarcoma, haemangioma. acute and chronic 
nephropamies. atheroma, anenal restenosis, auroimmune diseaaca. acme inflammation and 
ocular diseaaeswirhreunalveaaelproHfenuion. In panicular such compounds of, he 
tnventton are expected to alow advamageously the gtewth of primary and recun™ ao.id 
.umouts of. for example. ,he colon, breaar. ptosrate. lungs and akin. More panicularlv such 
compounda of me invemion are expected to inhibi. me growth of rhose primary and tecutren, 
-0 sohd rumoura which ate associated with VEOF, eapecially rhoae tumotna which are 

argnificanrly dependen.on VEOF for meir grow* and spread, including for example, cenain 
tumours of the colon, breast, prostate, lung, vulva and skin. 

In addition ,„ their use in thentpeutic medicine, the compounda of formula 1 ami their 
Phannaceutically acceptable salts are also useful aa pharmacological toola in the development 
-5 and standardisation of in vifro and in vivo tea, systems for the evaluation of the effects of 
tnhibitors of VEOF teceptor ,y rosi „ e kinaM aclivjly „ |abora , oiy ^ ^ ^ ^ 
rabbtts, monkeys, rats and mice, aa part of the search for new therapeutic agema 

1. is to be understood that where ihe term -ether" is used anywhere in this specification 
it refers to diethyl ether. 

30 The invention will now be lumped i„ the following „ 0 „. limWng Examp|es „ 

which, unless otherwise stated:- 
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[(i) evaporations were carried out by rotary evaporation in vacuo and work-up 
procedures were carried out after removal of residual solids such as drying agents by filtration: 
(ii) operations were carried out at ambient temperature, that is in the range 1 8-25°C 
and under an atmosphere of an inert gas such as argon; 
5 (iii) column chromatography (by the flash procedure) and medium pressure liquid 

chromatography (MPLC) were performed on Merck Kieselgel silica (Art. 9385) or Merck 
Lichroprep RP-1 8 (Art. 9303) reversed-phase silica obtained from E. Merck. Darmstadt. 
Germany; 

(iv) yields arc given for illustration only and are not necessarily the maximum 
10 attainable: 

(v) melting points are uncorrected and were determined using a Mettler SP62 
automatic melting point apparatus, an oil-bath apparatus or a Koffler hot plate apparatus. 

(vi) the structures of the end-products of the formula I were confirmed by nuclear 
(generally proton) magnetic resonance (NMR) and mass spectral techniques; proton magnetic 

1 5 resonance chemical shift values were measured on the delta scale and peak multiplicities are 
shown as follows: s. singlet; d, doublet; t. triplet: m. multiplet; br. broad; q, quartet: 

(vii) intermediates were not generally fully characterised and purity was assessed by 
thin layer chromatography (TLC), high-performance liquid chromatography (HPLC). infra-red 
(IR) or NMR analysis; 

(viii) petroleum ether refers to that fraction boiling between 40-60°C 

(ix) the following abbreviations have been used:- 



20 



DMF N 5 N-dimethylformamide 
DMSO dimethylsulphoxide 
25 TFA trifluoroacetic acid.] 

Example 1 

A solution of 4-chloro-6.7-dimethoxycinnnoline hydrochloride (0.6g. 2.3mmol), 3- 
hydroxy-4-methylaniline (0.425g. 2.5mmol) and triethylamine (800ul. 6mmol) in DMF ' 
30 (10ml) was refluxed for 1 hour. The solution was cooled and poured directlv onto a Diaion 
(trade mark of Mitsubishi) HP20SS column and elution was performed with acetonitrile, water 
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(4/6) to give, after evaporation of the solvent. 4-(3-hydroxy-4-methylani.ino)-6,7- 
dimethoxycinn line (220mg, 3 1 %) as a cream solid, 
m.p. 240-244°C 

'H NMR Spectrum: (DMSOd 6 ) 2.15(s. 3H); 3.97(s. 3H); 3.99(s. 3H): 6.73rd. IH); 6 85(s 
5 IH): 7.14(d, IH); 7.52(s, IH); 7.69(s. IH); 8.73(s. IH); 8.81(s. IH): 9.6( S . IH) 
MS -ESI: 312 [MH]- 

Elemental analysis: Found C 62.2 H 5.8 N 13.1 

C " H " N A °- 9H ^° Requires C 62.3 H 5.8 N 12.8% 

1 0 The starting material. 4-chloro-6.7-dimethoxycinnoline hydrochloride was obtained 

by heating a solution of 4-hydroxy-6,7-dimethoxycinnoline (Ig, 4.8mmol) in thionvl chloride 
(20ml) containing DMF (2drops) at reflux for 3 hours. After cooling and evaporating the 
excess thionyl chloride, the solid was triturated with ether and filtered to give 4. c hloro-6,7- 
dimethoxycinnoline hydrochloride ( 1 .2g, quantitative). 
1 5 The starting material. 4-hydroxy-6,7-dimethoxycirmoline was obtained by adding a 

solution of sodium nitrite (1 .9g, 27mmol) to a solution of 2-amino-4,5- 
dimethoxyacetophenone (5g, 0.025mol) in acetic acid (90ml) and sulphuric acid 
(15ml) at a rate to maintain the temperature below 20°C. The mixture was heated at 80°C for 
90 minutes. After cooling and concentrating the solution to half its original volume, the 
20 residue was poured into ether (800ml). The solid was collected by filtration and suspended in 
water (200ml). After adjusting to pH7 with sodium hydroxide the solid was filtered, washed 
with water, methanol and methylene chloride to give 4-hydroxy-6.7-dimethoxycinnoline 
(4.5g, 87%). 



25 Example 2 

A solution of 4-chloro-6-methoxy-7-(2-methoxyethoxy)cinnoline (0.4g, I.Smmol) 
and 3-hydroxy-4-methyJaniline (0.2g, ] .6mmol) in DMF (5ml) was heated at 1 50*C for 20 
minutes. After cooling, isopropanol (1 5ml) was added and the resulting solid filtered off, 
washed with isopropanol and dried under vacuum to give ^(S-hydroxy^-methylaniJinoK- 
30 methoxy-7-(2-methoxyeth xy)einnoline as the hydrochloride salt (yellow solid. 537mg 



91%). 
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'H NMR Spectrum: (DMSOd 6 ; CF,COOD) 2.38(s. 3H): 3.55(s, 3H); 3.95(t, 2H); 4.2(s. 3H); 
4.5ft, 2H); 7.05(d. 1H); 7.1(s. 1H); 7.4(d. 1H); 7.52(s. 1H): 8.2(s. 1H); 8.55(d. 1H) 
MS - ESI: 356 [MH]* 

Elemental analysis: Found C 58.4 H 5.9 n 10.9 

5 C 19 H,,N 3 0 4 1HC1 Requires C 58.2 H 5.7 N 10.7% 

The starting material 4-chloro-6-methoxy-7-(2-methoxyethoxy)cinnoline was 
obtained by heating a solution of 4.hydroxy-6.methoxy-7-(2-methoxyethoxy)cinnoline (7.8g, 
0.031mol) in thionyl chloride (130ml) containing DMF (0.8ml) at 80°C for 2 hours. After 

10 dilution with toluene, the mixture was evaporated to dryness. The resulting solid was filtered 
off. washed with ether, and then dissolved in ethyl acetate. The ethyl acetate solution was 
washed with saturated aqueous sodium hydrogen carbonate solution and then brine, dried 
(MgSO.) and the solvent evaporated. The residue was purified by flash chromatography 
using methylene chloride/ethyl acetate ( 1/9) as eluent to give 4-chloro-6-methoxy-7-Q- 

15 methoxyethoxy)cinnoline (6.2g, 74%). 
m.p. 171-1 73°C 

The starting material 4-hydroxy-6-methoxy-7-(2-methoxyethoxy)cinnoline was 
obtained by adding a solution of sodium nitrite (3.9g. 0.056mol) in water (5ml), dropwise. to 
a solution of 2-amino-4-(2-methoxyethoxy)-5-methoxyacetophenone ( 1 2. 1 8g, 0.05mol) in 
20 acetic acid (180ml) and sulphuric acid (30ml). After stirring for 90 minutes at 80°C the 

solution was concentrated to half its original volume and poured into ether (800ml). The solid 
was collected by filtration and suspended in water (400ml). After adjusting to P H7.6 with 2M 
aqueous sodium hydroxide solution the resulting solid was filtered off and washed with ether 
to give 4-hydroxy-6-methoxy-7-(2-methoxyethoxy)cinnoline (8g, 62%). 
25 m.p. 232-234°C 

The starting material, 2-amino-4-(2-methoxyethoxy)-5-methoxvacetophenone was 
obtained by adding iron powder (lOg, O.lSmol), in portions, to a solution of 2-nitro-4-(2- 
methoxyethoxy)-5-methoxyacetophenone (17.3g, 0.064mol) in acetic acid (80ml) heated at 
100°C. After stirring for 30 minutes at 100°C. the mixture was cooled and water (20ml) was 
30 added. The mixture was extracted with ethyl acetate, the combined extracts were washed with 
water, saturated sodium carbonate solution and brine and then dried (M g S0 4 ) and the solvent 
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evaporated. The residue was purified by flash chromatography using methylene 

chloride/ethyl acetate (8/2 followed by 75/25) as eluent to give 2-amino-4-(2- 

methoxyethoxy)-5-methoxy-acetophenone (12.52g, 81%). 
m.p. 99-1 01 °C 

5 The staning material. 2-nitro-4-(2-methoxyethoxy)-5-methoxyacetophenone was 

obtamed by adding 3-methoxy-4-(2-methoxyethoxy)acetophenone (18.1g, O.OSmol) in 
pontons over 50 minutes to a solution of 69.5% nitric acid (163ml) cooled to 2°C After 
stirring for 2 hours at ambient temperature, the reaction mixture was poured onto ice and 
extracted with ethyl acetate. The organic layer was washed with water and brine dried 
10 (MgSO<) and the solvent evaporated. The residue was purified by flash chromatography 
nog methylene chloride/ethyl acetate (95/5) as eluent to give 2-nitro-4-(2-methoxvethoxv)- 
5-methoxyacetophenone ( 1 7.4g, 80%) as a pale yellow solid, 
m.p. 120-124°C 

The starting material. 3-methoxy-4-(2-methoxyethoxy ) acetophenone, was obtained 
• 5 by heating a solution of 4-hydroxy-3-methoxyacetophenone (20g, 0. 12mol) and, bromomethv. 
methyl ether (12.4ml, 0.13mol) in DMF (400ml) containing potassium carbonate (49 8g 
O.36mol) at 50°C overnight. After cooling, the reaction mixture was diluted with water and 
adjusted to P H2. After extraction with ethyl acetate, the organic layer was washed with brine 
dned (MgS0 4 ) and evaporated. The residue was purified by flash chromatography using 
20 petroleum ether/ethyl acetate (6/4 followed by 1/1 ) as eluent to give 3-methoxy-4-(2- 
methoxyethoxy)acetophenone (2 1 .8g, 8 1 %). 
m.p. 84-86°C 



Example 3 

25 



A solution of 4-chloro-6-methoxy-7-(2-methoxyethoxy)cinnoline (0.4g, 1 .5mmol) 
(prepared as described for the starting material in Example 2), and 4-chloro-2-fluoroaniline 
(282ul, 2.5mmol) in DMF (5ml) was treated as described in Example 2. to give 4-(4-chloro- 

2-fluoroanili„oH- m ethoxy-7-(2- m ethox.ve t hoxy)cinnoli„e as the hvdrochloride salt 
(450mg, 72%). 

30 m.p. 279-28 1°C 
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'H NMR Spectrum: (DMSOd,; CF 3 COOD) 3.35(s. 3H); 3.8(t, 2H): 4.05(s. 3H): 4.4ft. 2H): 
7.4(s. 1H); 7.5(d. 1H); 7.7(t, 1H); 7.75(d, 1H); 8.05(s. 1H); 8.3(s : 1H) 
MS - ESI: 378 [MH]* 

Elemental analysis: Found C 52.1 H 4.5 N 10.2 

5 C l8 H, 7 N 3 0jClF 1HC1 Requires C 52.2 H 4.4 N 10.1% 

Example 4 

4-Chloro-6-methoxy-7-(2-methoxyethoxy)cinnoline (0.3g, l.lmmol), (prepared as 
described for the starting material in Example 2), was added to a solution of 2.4- 

10 dihydroxytoluene (lg, 8mmol) and potassium hydroxide (72mg, 1.3mmol) heated at 150°C. 
After stirring for 10 minutes at I50°C, the mixture was allowed to cool and then partitioned 
between ethyl acetate and water. The pH was adjusted to 6 and the organic layer was washed 
with water and brine and dried (MgS0 4 ) and evaporated. The solid was filtered off. washed 
with ether and dried under vacuum to give a 1/1 mixture of 4-(3-hydroxy-4-methylphenoxy)- 

1 5 6-methoxy-7-(2-methoxyethoxy)cinnoline and 4-(3-hydroxy-2-methylphenox y )-6- 
methoxy-7-(2-methoxyethoxy)cinnoline ( 1 50mg, 38%). 

'H NMR Spectrum: (DMSOd,; CD,COOD) 2.05 and 2.1(sx2, 3H); 3.35(s. 3H): 3.8 ft. 2H); 
4.1 and 4.15 (sx2, 3H); 4.45(t, 2H); 6.75(m. 1H); 6.85(m. 1H); 7.25(d. 1H); 8.25(d. 1H); 7.7- 
7.8(m. 2H); 8.52 and 8.65(sx2, 1H) 
20 MS - ESI: 357 [MH]~ 379 [MlMa]* 

Elemental analysis: Found C 64.2 H 5.9 N 7.7 

C„H, 0 N ; O 5 Requires C 64.0 H 5.7 N 7.9% 

The starting material 2,4-dihydroxytoluene was prepared by adding boron tribromide 
25 (3.1ml. 3.2mmol) to a solution of 2.4-dimethoxytoluene (lg, 6.5mmol) in pentane (10ml) at 
-70°C. The reaction mixture was allowed to warm to ambient temperature and the mixture 
stirred for a further 2 hours. Ice water and ethyl acetate were then added and the aqueous 
layer basified to pH9.5 with 2M aqueous sodium hydroxide solution. After stirring for 10 
minutes, the organic layer was separated and the aqueous layer extracted with ethyl acetate. 
30 The combined organic extract was washed with brine, dried (MgSOj and the solvent removed 
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by evaporation. The residue was purified by flash chromatography eluting with methylene 
chloride/ethyl acetate (9/1) to give 2.4-dihydroxy toluene (759mg, 94%) as a white solid. 

Example 5 

A solution of 4-chioro-6-methoxy-7-(2-methoxyethoxy)cinnoline (0.2g, 0.74mmol)' 
(prepared as described for the starting material in Example 2), and 4-bromo-2-fluoroani,ine 
( 155mg, 0.82mmol) in DMF (2.5ml) was heated at I50°C for 45 minutes. After cooling to 
ambtent temperature the mixture was treated as described in Example 3 to give 4-(4-bro m o 2 

fluoroa„i.i„oH. I11 ethox y -7.(2- I „ethoxyethoxy)ci„„oli„e as the hydrochloride salt (150m g 
10 44%). g> 

m.p. 278-28 1°C 

'H NMR Spectrum: (DMSOd t ; CF 3 COOD) 3.38(s, 3H); 3.85(, 2H); 4.1(s. 3H); 4.4(t my 
7.45(s. 1H); 7.65(dd, 1H); 7.65(s. 1H); 7.9(d. 1H); 8.1(s, 1H); 8.35(s, 1H) 
MS - ESI: 422 [MH]* 

15 Elemental analysis: Found C 47.3 H 4.1 N89 

C ia H 17 N 3 0 3 BrF 1HCI Requires C 47.1 H 4.0 N 9.2% 

Example 6 

A solution of 7-ben Z yloxy^-chloro-6-methoxyci,noline hydrochloride (3 4g 
20 lOmmol) and 4-chloro-2-fluoro-5-hydroxyaniline, (prepared as described in EP 061741 A2) 
(1.84g, 1 ,mmol) in DMF (42ml) was heated at 130°C for 20 minute, The result solid was 
filtered off. washed with isopropanol. ether and dried under vacuum to give 7-benzyloxy-4. 

(4.chloro-2-nuoro.5-hydroxyani.i„o)-6-methoxycinnoli„e as the hydrochloride salt (yellow 
solid. 3.5g, 75%). 

25 m.p. 280-284°C 

'H NMR Spectrum: (DMSOd 6 ) 4.05(s, 3H); 5.4(s, 2H); 7.2(d, 1H); 7.4.7.5(m, 3H)- 7 5- 
7.55(m, 3H); 7.68(d, 1H); 8.2(s. 1H); 8.35(s, 1H) 
MS - ESI: 426 [MH]* 

Elemental analysis: Found C 57.4 H 4.2 N 9 5 

30 C,H„N 3 03C1F1HC1 Requires C 57.2 H 3.9 N 9.1% 



WO 97/34876 ,^ PCT/GB97/00650 

The starting material. 7-benzyloxy^-chloro-6-methoxycinnoline hydrochloride, was 
obtained by heating a solution of 7-oen2yloxy-4-hydroxy.6-methoxycinnoline (1 Ig, 39mmol) 
in thionyl chloride (1 80ml) containing DMF (1ml) at reflux for 1 hour. After cooling, excess 
thionyl chloride was removed by evaporation and azeotroped with toluene. The residue was 
5 triturated with ether, filtered off. washed with ether and dried under vacuum to give 7- 
benzyloxy-4-chloro-6-methoxycinnoline hydrochloride as a cream solid (13.6g, quantitative). 

The starting material 7-ben2yloxy-4.hydroxy-6-methoxycinnoline was obtained by 
dropwise addition of a solution of sodium nitrite (4.9g. 0.072mol) in water (1 0ml) to a 
solution of 2-amino-4-benzyloxy-5-methoxyacetophenone (16.3g 0.06mol) in acetic acid 
10 (250ml) and 70% sulphuric acid (7.3ml). After stirring for 30 minutes, triethylamine (25ml) 
was added and stirring was continued for 6 hours. After adjusting to pH3.2 with 2M aqueous 
sodium hydroxide solution, the solid was filtered off. washed with water, ether and dried 

under vacuum to give 7-benzyloxy-4-hydroxy-6-methoxycinnoline ( 1 2.76g, 75%) as a brown 
solid. 

15 m.p. 262-264°C 

The starting material 2-amino-4-benzyloxy-5-methoxyacetophenone was obtained 
by adding powdered iron (520mg, 9.3mmol) to a solution of 2-nitro-4-benzyloxy-5- 
methoxyacetophenone (lg, 3.3mmol) in acetic acid (5ml) heated at 100°C. After 30 minutes, 
the reaction mixture was cooled to ambient temperature and diluted with water. After 
20 extraction with ethyl acetate the organic layer was washed with water, brine, dried (MgS0 4 ) 
and the solvent evaporated. The residue was purified by flash chromatography using " 
petroleum ether/ethyl acetate (3/1 ) as eluent to give 2-amino-4-benzyloxy-5- 
methoxyacetophenone (629mg, 70%) as a yellow solid. 
m.p. 139-141°C 

25 The starting material 2-ni,ro-4-benzyloxyo-methoxyacetophenone was obtained by 

addition of asuspension of tin(IV)chloride (15.8ml. 0.13mol) and 69.5% nitric acid (9.1ml. 

0.2mol) in methylene chloride (1 10ml), dropwise over a period of 20 minutes, to a solution of 

4-benzyloxy-3-methoxyacetophenone (28.9g, 0. 1 Imol) in methylene chloride (400ml) cooled 
at-35°C. 

30 After stirring for 20 minutes at -25°C. the mixture was warmed to ambient 

temperature and poured onto ice/water ( 1 litre). After extraction with methylene chloride the 
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organic layer was washed with brine, dried (MgSOJ and the solvent evaporated. The residue 
was purified by flash chromatography using petroleum ether/ethyl acetate (7/3) as eluent to 
give 2-nitro-4-benzyloxy-5.methoxvacetophenone (27g, 76%) as a yellow solid. 
m.p. I34-136°C 

5 The starting material, 4-benzyloxy-3-methoxyacetophenone. was obtained by 

heating a solution of 4-hydroxy-3-methoxyacetophenone (20g, 0.12mol), benzyl bromide 
(15.7ml. 0.13mol) and potassium carbonate (49.8g, 0.36mol) in DMF (400ml) at 40°C 
overnight. After cooling, the mixture was diluted with water, acidified to approximately pH3 
and extracted with ethyl acetate. The organic layer was washed with brine, dried (MgSO ) 
10 and the solvent evaporated. The residue was purified by flash chromatography using 
petroleum ether/ethyl acetate (8/2 followed by 65/35) as eluent to give 4-benzyloxy-3- 
methoxyacetophenone (30.3g, 99%). 
m.p. 86-88°C 

15 Example 7 

Acetic anhydride (920ul, 9.7mmol) and 4-dimethylaminopyridine (80mg, 

0.65mmol) were added to a suspension of 7-benzyloxy-4-(4-chloro-2-fluoro-5- 

hydroxyanilino^6-methoxycinnoline (3g, 6.5mmol), (prepared as described in Example 6), in 

pyridine (50ml). After heating at 1 10°C for 25 minutes, the solid was filtered off. washed 

20 with water and ether and dried under vacuum. The solid was suspended in 2M ethereal 

hydrogen chloride and the volatiles removed by evaporation to give 4-(5-ace t oxy-4-chloro-2- 

nuoroa„ili„o)-7.benzyloxy-6-methoxycinnoli„e as the hydrochloride salt (yellow solid 
3.1g, 94%). 

m.p. 240-247°C 

25 'H NMR Spectrum: (DMSOd 6 ) 2.35(s, 3H); 4.05(s, 3H); 5.4(s, 2H); 7.35-7.5(m. 3H); 7.55(s. 
1H); 7.55(d, 1H); 7.6(s. 1H); 7.7(d. 1H); 7.95(d, 1H); 8.25(s, 1H); 8.4(s, 1H) 
MS - ESI: 468 [MHJ* 

Elemental analysis: Found c 56.8 H 4.2 N 8.2 

C :4 H I9 Nj0 4 C1F 1HC1 Requires C 57.2 H 4.0 N 8.3% 
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Example 8 

A solution of 4-chloro-6-methoxy-7-(2-methoxyethoxy)cinnoline (0.2g. 0.74mmoi). 
(prepared as described for the starting material in Example 2), and 4-chloro-2-fluoro-5- 
hydroxyaniline (132mg, 0.82mmol), (prepared as described in EP 061741 A2). in DMF 
5 (2.5ml) was heated at 140°C for 45 minutes. The work up procedure was as described in 
Example 6 and gave 4-(4-chloro-2-flaoro-5-hydroxyanUino)-6-methoxy-7-(2- 
methoxyethoxy)cinnoIine as the hydrochloride salt (yellow solid. 157mg. 49%). 
m.p. 296-299°C 

'H NMR Spectrum: (DMSOd 6 ; CF 3 COOD) 3.4(s, 3H); 3.85(t, 2H); 4.1(s. 3H): 4.4(t. 2H); 
10 7.2(d, 1H); 7.45(s, 1H); 7.65(d, 1H); 8.05(s. 1H); 8.35(d. 1H) 
MS - ESI: 394 [MH]* 

Elemental analysis: Found C 50.1 H 4.4 n 9.8 

C„H l7 Nj0 4 CIF 1HC1 Requires C 50.3 H 4.2 N 9.8% 

15 Example 9 

Asolutionof4-chloro-6-methoxy-7-(2-methoxyethoxy)cinnoline(0.1g,0.37mmol). 
(prepared as described for the starting material in Example 2), and 4-bromo-2-fluoro-5- 
hydroxyaniline (84mg, 0.4mmol), (prepared as described in EP 061 741 A2). in DMF (2ml) 
was heated at 140°C for 1 hour. The work up procedure was as described in Example 6 for 
20 the production of the final compound and gave in this example 4-(4-bromo-2-fluoro-5- 

hvdrox y anilinoH-methoxy-7-(2-niethoxye t hoxy)cinnoli n e as the hydrochloride salt 
(yellow solid, 127mg, 72%). 

m.p. 288-289°C 

'H NMR Spectrum: (DMSOd.; CF,COOD) 3.4(s, 3H); 3.85(t, 2H); 4. l(s. 3H); 4.4(t. 2H); 
25 7.2(d 5 1H); 7.45(s, 1H); 7.75(d, 1H); 8.1(s, 1H); 8.35(s. 1H) 
MS -ESI: 438 [MH]- 

Elemental analysis: Found C 45.8 H 4.0 N 8.9 

c nH„Nj0 4 BrF 1HC1 Requires C 45.5 H 3.8 N 8 9 o /o 



30 
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Example 10 

A suspension of 4-chloro-6-methoxy-7-(4-pyridylmethoxy)cinnoline hydrochloride 
(0.1 7g, 0.45mmol) and 4-chloro-2-fluoro-5-hydroxyaniline (102mg. 0.63mmol), (prepared as 
described in EP 061741 A2), in 2-pentanol (3.5ml) was heated a, reflux overnight. After 
5 cooling, isopropanol was added. The solid formed was filtered off. washed with isopropanol 
ether and dried under vacuum to give 4.(4-chloro-2-fluoro-5-hydroxya„ili„oH. me thox y -7. 
(4-pyridylmethoxv)cinnoIine as the hydrochloride salt (yellow solid. 194mg, 86%) 
m.p. 243-25 1°C 

■H NMR Spectrum: (DMSOd,) 4.12(s, 3H); 5.7(s, 2H); 7.25(d, 1H); 7.55(s, 1H)- 7 7(d 1H)- 

10 7.9(d.2H);8.3(s,lH);8.4(s,lH);8.9(d.2H);10.85(brs,lH);11.55(brs.lH) 
MS - ESI: 427 [MH]* 

Elemental analysis: Found C 49 6 „ ^ N ]Q g 

C 2I H I6 NAC1F 1.3H 2 0 1.65HC1 Requires C 49.4 H 4.0 Nll.0% 

1 5 The starting material, 4-chloro-6-methoxy-7-(4-pyridylmethoxy)cinnoline 

hydrochloride, was obtained by adding 4-chloro-7-hydroxy-6-methoxycinnoline (200mg, 

0.95mmol), followed by 4-hydroxymethylpyridine(108mg, lmmol)and 1,1'- 

(azodicarbonyl)dipiperidine (647mg, 2.5mmol), in portions, to a solution of tri(n- 

butyl)phosphine (640ul, 2.5mmol) in methylene chloride (6ml). After stirring for 1 hour at 

20 ambient temperature, a solution of 7M hydrogen chloride in isopropanol (300ul, 2. Immol) 

was added. The resulting solid was filtered off, washed with methylene chloride and ether to 

give 4-chloro-6-methoxy-7-(4-pyridylmethoxy)cinnoline hydrochloride as a solid (196m e 
55%). • 

The starting material, 4-chloro-7-hydroxy-6-methoxycinnoline was obtained by 
25 heating a solution of 7-ben2yloxy-4-chloro-6-methoxycinnoline hydrochloride (3.06g, " 
9mmol), (prepared as described for the starting material in Example 6), in TFA (30m» * 
reflux for 5 hours. After evaporation of the solvent, the residue was suspended in water and 
adjusted to P H7 with saturated aqueous sodium hydrogen carbonate solution. The resulting 
solid was filtered off, washed with water and ether and dried under vacuum to give 4-chloro- 
30 7-hydroxy-6-methoxycinnoline as a yellow solid ( 1 .78g, 94%). 



WO 97/34876 ^ PCT/GB97/00650 

Example 11 

A suspension of 4-chloro-6-methoxy-7-(2-methoxyethoxy)cinnoline (0.2g, 
0.74mmol), (prepared as described for the starting material in Example 2), and 2-fluoro-5- 
hydroxy-4-methylaniline (126mg 0.89mmol) in 2-pentanol (2.5ml) was heated at reflux for 
5 7.5 hours. After cooling, isopropanol was added and the solid was filtered off. washed with 
isopropanol and ether, and dried under vacuum to give 4-(2-fluoro-5-hydroxy^|. 

methylanilinoH-methoxy-7^2-methoxyethoxy)cinnoline as the hydrochloride salt (yellow 
solid 196mg, 64%). 

m.p. 283-290°C 

10 'H NMR Spectrum: (DMSOdJ 2.2(s, 3H); 3.4(s. 3H); 3.8(t, 2H); 4. l(s. 3H): 4.35(t. 2H); 
6.95(d ? 1H); 7.25(d. IH): 7.45(s. IH); 8.2(s, 1H); 8.22(s. lH);9.95fs. IH); ll.2(brs. 1H) 
MS - ESI: 374 [MHJ* 

Elemental analysis: Found C 55.5 H 5.5 N 10.0 

C l9 H 2O N 3 O 4 F0.1H,O 1HC1 Requires C 55.4 H 5.2 Nl0.2% 

15 

The starting material, 2-fluoro-5-hydroxy-4-methylaniline was, obtained as follows: 
Methyl chloroformate (6.8mL 88mmol) was added over 30 minutes to a solution of 
4-fluoro-2-methylphenol (lOg, 79mmol) in 6% aqueous sodium hydroxide solution at 0°C. 
The mixture was stirred for 2 hours, then extracted with ethyl acetate ( 1 00ml). The ethyl 
20 acetate extract was washed with water ( 1 00ml) and dried (MgSO,) and the solvent removed 
by evaporation to give 4-fluoro-2-methylphenyl methyl carbonate (1 1 .4g r 78%) as an oil. 
'H NMR Spectrum: (DMSOd 6 ) 2.14(s, 3H), 3.81(s. 3H); 7.05(m. IH); 7.1-7.5(m. 2H) 

A mixture of concentrated nitric acid (6ml) and concentrated sulphuric acid (6ml) 
was added slowly to a solution of 4-fluoro-2-methylphenyl methyl carbonate ( 1 1 .34g, 
25 62mmol) in concentrated sulphuric acid (6ml) such that the temperature of the reaction 

mixture was kept below 50°C. The mixture was stirred for 2 hours, then ice/water was added 
and the precipitated product collected by filtration. The crude product was purified by 
chromatography on silica eluting with methylene chloride/hexane progressing through 
increasingly polar mixtures to methanol/methylene chloride ( 1/19) to give 4-fiuoro-2-methyl- 
30 5-nitrophenol (2.5g. 22%) as a solid. 

'HNMR Spectrum: (DMSOd 6 ; CD^OOD) 2.31(s. 3H); 7.38(d. IH); 7.58(d. IH) 
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MS: 171 [MHJ* 

A mixture of 4-fluoro-2-methy.-5-nitrophenol (2.1 g, 13rnmol), iron powder (l g 
ISmmoDandirondDsulphated.Sg, 1 O m mol) in water (40ml) was heated at reflux for 4 ' 
hours. The reaction mixture was allowed to cool, neutralised with 2M aqueous sodium 
> hydroxide solution and extracted with ethyl acetate (100ml). The ethy, acetate extract was 
dned (MgSO,) and the solvent removed by evaporation to give 2-fluoro-5-hydroxy-4- 
methylaniline (0.8g, 47%) as a solid. 

•HNMR S„ (OMSOd., I 9 4 ( , 3„) ; 4.67.S, 2H) ; 6.22<d. ,„ ); 6.65(d. IH); 8 , 8( , ,„ 

10 

Example 12 

A solution of ^o^. m eAox y .7K3.n> M phoIi„oprop.x.v W » M li 11 e hydrochloride 
<83mg, 0.2mmol) and 4« W „ r o.2. fl „oro.5.hydroxya„iline (42mg, 0.26mmol), (prepay „ 
described in EP 06,74! A2). i„ 2-pentanol (5ml> containing DMF (0.5m,, was heated a, 
120°Cf„r2.5hour, Tlie work up procedure was identical to the synthesis of the final 
Ptoductin Example II »d gave 4^hl„ro.2.n„orc-5-h y dr.xya»fli n „ > ,. n „, nosv . 7 ^. 
morpholinopropoxytcinnoltoe as lh e hydrochloride salt (70mg 65%). 
m.p. 218-225°C 

20 TZ^TT (DMSOdt; CD,COOD, 2Aim - 2H,: 335(m - 6H * M(m - 4H); <•'<*• ™>- 

20 4.4(,.2H); 7.2(d. IH); 7.45(s. 1H); 7.6<d, 1H); 8.l(s. lH):8.35(s. 1H) 
MS - ESI: 463 [MH]' 

Elemental analysis: Found C4t| R f2 N ^ 

C !i H ! . N< O.ClF2H ! O l .9HCl Requtres c 46.5 H 5.3 n o.o% 

25 Ttea ™«n'a'erial4-chloro.6.me^^ 

hydrochloride was obtained by adding I -chiotoO-motpholinopropane ( 1 90mg, 0.95tnmol> 
(prepared as described in US Paten, No. 4004007), ,„ a suspension of 4-chloro-7-hydr„xv-6- 
tturthoxycinnoline (0.2g, 0.95mmol), (prepared as described for rhe storing materia, in ' 
Example 10,. in DMF (5ml) containing podium carbonate (327mg. 2.3mmol) and 

30 potassium iodide , , 5tng. 0.095mmo„ After heating a. 80°C for 2 hou*. potassium carbonate 
(65mg, 0.47mmo,) and more ,-chl„ro-3.morpholi„o P ropane (95mg, 0.47mmol> were added 



WO 97/34876 PCT/GB97/00650 

- 61 - 

After stirring for 4 hours at 80°C. the reaction mixture was cooled and 7M hydrogen chloride 

in isopropanol (407^1) was added. The solution was poured onto a Diaion (trade mark of 

Mitsubishi) HP20SS column, using water/methanol (100/0 to 0/100 as a gradient) to give 4- 

chIoro-6- methoxy-7-(3-morpholinopropoxy)cinnoline as an hydrochloride salt (1 75mg, 
5 44%). 

Example 13 

A solution of 4-chloro-6-methoxy-7-(3-pyrrolidinopropoxy)cinnoline hydrochloride 
(0. lg, 0.25mmol) and 4-chloro-2-fluoro-5-hydroxyaniline (57mg, 0.35mmol), (prepared as 
10 described in EP 061 741 A2), in 2-pentanol (5ml) was heated at 120°C for 2.5 hours. The 
solid was filtered off, washed with isopropanol and then ether and dried under vacuum to give 

4-(4-chloro-2-nuoro-5-h y droxyanilino)^methoxy-7^3-pyrrolidino P ropoxv)cinnolineas 

the hydrochloride salt (yellow solid, 94mg, 72%). 

m.p. 240-245°C 

15 'H NMR Spectrum: (DMSOd 6 ; CF,COOD) 1.9(m. 2H); 2.1(m, 2H); 2.3(m. 2H); 3.l(nL 2H); 
3.35(m, 2H); 3.65(m. 2H); 4.1(s. 3H); 4.4(t, 2H); 7.2(d. 1H); 7.45(s. 1H); 7.65(d. 1H): 8.15(s 
lH);8.35(s. 1H) 
MS - ESI: 447 [MH]* 

Elemental analysis: Found C 49.9 H 5.2 N 10.5 

20 C a H 24 N 4 O,CIF0.5HjO1.95HCl Requires C 50.1 H 5.2 N 10.6% 

The starting material. 4-chloro-6-methoxy.7-(3-pyrrolidinopropoxy)cinnoline 
hydrochloride was obtained by adding 4-chloro-7-hydroxy-6-methoxycinr 1 oline (0.3g. 
1.4mmol), (prepared as described for the starting material in Example 10), to a solution of 3- 
25 pyrrolidinopropyi chloride (275mg, l.Smmol), (prepared as described in J. Amer. Chem. Soc. 
1955, 77. 2272), in DMF (5ml) containing potassium carbonate (491 mg, 3.5mmol) and 
potassium iodide (24mg, 0. 1 4mmoI). After stirring at 80»C for 3 hours potassium carbonate 
(98mg, OJmmol) and 3-pyrrolidinopropyI chloride (137mg, 0.7mmol) were added. After 30 
minutes, the mixture was cooled and 7M hydrogen chloride in isopropanol (407ul) was added. 
30 The solution was poured onto a Diaion (trade mark of Mitsubishi) HP20SS TM column 
eluting with water/methanol (100/0 to 0/100 as a gradient). After evaporation of the solvent. 



the pmduc, was puri&d by prepare HPLC using a reverse phase C18 c ol umn eluung „,,„ 
wa.er/metha„„l ( 10 0/0 ,o 8<V20 as a gradient) ,o give after concemrarion. 4-chioro-6- 
n,e 1 ho«y-7-(3.pvm»lidi„„pr„p„ X v)einnoline hydrochloride <265mg, 48%) as a yellow solid. 

5 Example 14 

A suspension of ^hloro-T-metoxyeinnoline hydrochloride (19dmg, 0.85mm„l> 
and 3.hyd,oxy.4- m e 1 hy,anil i „e (,23 m g, .mmo.) ta 2 .„ (5ml) _ ^ ^ ^ 
hours. After cooling, me solid was filre^ off, washed with isopropanol. Cher and dried 
under vacuum ,o give "-(3.hydr.»y-4.n,« l ,yh,„ iH „ 0) . 7 . llle , 1 , ( , XJ , |:tonoIil)e „ ^ 
10 hydrochloride sail (yellow solid, 2 1 5mg,80%). 
m.p. 270-275°C 

'H NMR Spectrum: (DMSOd.) 2,„(s, 3H);4.0(, 3H); o.88(d, IH); 6.93<s, ,H,; 7.25<d, ,H> 
7.35(3. .H);7.52(dd. IH); 8.4<s, 1H );8.75(d. .H);9.98(s, IH); n.oWrs 1H ) 
MS - ESI: 281 [MHJ" 
.5 Elemental a^lysis: Found c ^ ^ ^ 

CM^OMHfl 1HC1 Requires C 60 0 H5 , N13]% 

The starting material 4-ehloro-7- m e<h„xycinn„li»e hydrochloride was obtained by 
hearing a solution of 4-„ydroxy-7.me,hoxyci„„o,me <352mg,2mmo,>. (prepared as described 
-0 .nJ.Chem.Soc. 1955.2,00), in .Wony.chJoride (3.5ml) co»uini„gDMF(20p„ a, reflux for 
1 hour. After removing excess thiony. chloride by evaporation and azeotroping „ ith to,^ 
The resume was triturated with ether, filter* off and washed with ether to give 4-chloro-7. 
methoxyctnnoline hydrochloride as a yellow solid (450mg, 97%). 

25 Examnlj If 

A solution of ^hloro^-methoxy^^-montholinopropox^i^i,,, hydrochloride 
(I32mg, 0.33mmol), (pmpared as described for the staning materia, in Example .2) and 2- 
fluoro.5.hydroxy.4.memylan ilin e (56mg, 0.39mm„l), (prepared as described f„, the starting 
matenal in Exam pl e I !), „ 2-pen.anol (2.5ml) containing 7M hydrogen chloride in 
30 -pmpano. ,9d ro ps, was heated a, reflux for 30minu.es. After cooling, .he solid was flhered 
off. washed with isopropanol, emer ami dried under vacuum to give 4-(2-fl„ ro .5-„vdroxy-4- 
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methylanilino)-6-meth xy-7-(3-morpholin propoxy)cinnoline as an hydrochloride salt 
(yellow solid, 143mg, 84%). 

'H NMR Spectrum: (DMSOd,; CD,COOD) 2.2(s, 3H); 2.35(m, 2H); 3.3(m, 6H); 3.9(br s, 
4H); 4.0(s, 3H); 4.35(t, 2H); 6.95(d, 1H); 7.15(d, 1H); 7.35(s, 1H); 8.1(s, 1H); 8.2(s, 1H) 
5 MS - ESI 443 [MH]~ 

Elemental analysis: Found C 53.0 H 6.0 N 10.2 

C 23 H„N 4 O 4 F0.5H 2 O2.8HCl Requires C 53.6 H 6.0 N 10.6% 

0.2 isopropanol 



10 Example 16 

A solution of 4-chloro-6-methoxy-7-(3-pyrrolidinopropoxy)cinnoline hydrochloride 
(158mg, 0.4mmol),(prepared as described for the starting material in Example 13), and 2- 
fluoro-5-hydroxy-4-methylaniline (67mg, 0.48mmol), (prepared as described for the starting 
material in Example 1 1), in 2-pentanol (5ml) was heated at reflux for 1 hour. After cooling, 
1 5 the solid was filtered oft", washed with isopropanol, ether and dried under vacuum to give 4- 

(2-nuoro-5-hydroxy^methyla n ilino)-6- m ethoxy-7-(3-pyrrolidinopropoxy)cinnolin e as 

the hydrochloride salt (yellow solid, 55mg, 27%). 

m.p. 247-253°C 

'H NMR Spectrum: (DMSOd 6 ; CD 3 COOD) 2.05(m. 4H); 2.25(s, 3H); 2.35(m, 2H); 3.25- 
20 3.5(br s, 6H); 4.05(s, 3H); 4.4(br s, 2H); 7.0(d, 1H); 7.22(d, 1H); 7.45(s, 1H); 8. 1 5(s, 1 H); 
8.25(s, 1H) 
MS - ESI: 427 [MHV 

Elemental analysis: Found C 53.6 H 6.1 N 10.4 

C^H^NAF lH z O 1.95HC1 Requires C 53.6 H 6.1 N 10.9% 

25 

Example 17 

Asuspensionof4-chloro-6-methoxy-7-[(2-methylthiazol-4-yl) m ethoxy]cinnoline 
(150mg, 0.46mmol) and 2-fluoro-5-hydroxy-4-methylaniline (78mg, 0.56mmol), (prepared as 
described for the starting material in Example 1 1), in 2-pentanol (3ml) and a 5M solution of 
30 hydrogen chloride in isopropanol (105nD was heated at reflux for 90 minutes. The solid 
obtained was filtered off, washed with isopropanol followed by ether to give 4-(2-fluor -5- 
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hydrochloride as a pale yellow solid ( 1 90mg, 82%). 

'H NMR Spectrum: (DMSOd.) 2.1 9fc 3H): 2 M( , 3H>: 4.03(, 3H, ; 5.391s. 2H): 6 98(d 
_ lift 7.24<d. ,„,; ,oo(, ,„ ); , 76( , ,„ ): ,, 0(i , H); 8 2?(s )H); |0()(brs m _ i ^ 

MS - ESI m/z: 427 [MH]' 

Elemental analysis: Fo<md c ^ ^ 

CnH,, NAS F0.5RO1.65HCI Re, uires c JM „ „„ ^ 11.3% 

.0 ^'"<~l4-chlo ro -6^^ 

was obtauted by addiog potassium carbonate <786mg, 5.7™.,, foll owed by 

2-^^0,0,308^, 2n.o,ol, t oas u ,pe„ s ionof4-chlo ro - 7 . hy d ro xy-6- m ed,oxvc iM oU„e 
(0.4g, 1 .9tnmol), (prepay as described for ,he starting material in Example 10), in DMF 

(10ml, Afters.WngfoM.Jboursa.oO-C.fereaCohmix^wasdno.edwimwa.erand 
.3 actdtfled ,o pH4 with 2M hydros acid. After extmcrion wirb ethy, aeerare. me organic 

layerwaswashedwi.bwa.erandlb.nbrine.driedfMgSOJandmesolven.evapora.ed The 
residue was purified by flasb chromatography using methylene chloride/eihy, acerare (2/8) as 

e ue„, t0 give 4-chloro- 6 -me«,oxy-7. [ (2.me l hyl,hia Z o ! -4. y „me, h oxy]cinno,i„e as a solid 
(293mg, 48%). 

20 

Example 18 

A suspension °^-c™om.6-memoxy.7.[ ( ,.meU,y| i m i dazol-2-yl)me 1 hoxy]oim,o,i„e 
I09mg, 0.35mm„„ and MTuoro-S-hyd^memyWUne ,70mg, 0.5mm.,,, (prepared as 

desenbed for me slarting mareria, in Example , „, in 2-pen.ano, »3m„, DMF (0.5ml) and a 
M solurion of hydrogen chloride in isc^ropam,, (74 M I, 0.35mmol) was beared a, reflux for 3 

hours. The solution was .hen cooled ,„ 0°C and ,he resulting s „Hd fi lt e re d offnnd washed 

wtth ether to give "-(2-fl»o ro -5-h»d™xy-4. md hyU«ili„. Hi -m«.hoxy.7-|( 1 . 

m««l,yUmidaz.|.2-yl)m«hoxy|ci„„.,i„e hydmchloride as a yellow solid , ,24m» 73%, 

m.p. 215-221°C 
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'H NMR Spectrum: (DMSOdJ 2.2(s. 3H); 3.9(s, 3H); 4.05(s. 3H); 5.7(s, 2H): 6.99(d. 1H); 
7.24(d ; 1H); 7.67(s. 1H): 7.73(s. 1H); 7.77(s, 1H); 8.20(d. 1H); 8.39(s. IH): 9.96(s. 1H); 
11.5(s ? lH) 

MS-ESIm/z:410[MH]' 
5 Elemental analysis: Found c 5] 3 H4 9 N ^ ? 

C:,H 20 N 5 O,F0.9H,OI.8HCl R equire s C 51.3 H 4.8 Nl4. 3 o/ 0 

The starting material. 4-chloro-6-methoxy-7-[(l-methylimidazol-2-yl)methoxy]- 
cinnoline was obtained by adding potassium carbonate (53 Img, 3.8mmol) followed by 
10 2.chloromethyl-l-methylimidazole (232mg, 1.4mmol) to a suspension of 4-chloro-7-hydroxv 
6-methoxycinnoline (270mg, 1 .28mmol). (prepared as described for the starting material in ' 
Example 1 0), in DMF (6ml). After stirring overnight at 40°C the mixture was diluted with 
water and adjusted to pH7. After extraction with ethyl acetate, the organic layer was washed 
with water and then brine, dried (MgS0 4 ) and the solvent evaporated. The residue was 
15 purified by flash chromatography using methylene chloride/methanol (98/2) as eluent to give 
4-chloro-6-methoxy-7-[(l-methylimida Z ol-2-yl)methoxy]cinnoline (1 1 Img. 29%). 

Example 19 

A solution of 4-chloro-6-methoxy-7-(4-pyridylmethoxy)cinnoline hydrochloride 
20 (268mg. 0.71mmol), (prepared as described for the starting material in Example 10). and •>. 
fluoro-5-hydroxy.4-methvlaniline, ( !09mg, 0.77mmol), (prepared as described for the startine 
material in Example 1 1). in 2-pemanol (6ml) was heated at reflux for 4 hours. After dilution " 
wtth isopropanol. the solid was filtered off washed with isopropanol followed by ether to eive 

4^2-fluoro.5-hydroxy^ m e t hyla n ili„o ) ^ m ethoxy-7^4- P yridylme,hoxy)einnoline 

25 hydrochloride (92mg, 29%). 

m.p. 244-252°C 

'H NMR Spectrum: (DMSOd,; CD 3 COOD) 2.2(s, 3H): 4. l(s. 3H); 5.68(s. 2H); 7.0(s 1 H) - 
7.25(d. 1H); 7.5(s, 1H); 7.9(s. 2H); 8.25(d. 2H); 8.85(s. 2H) 
MS -ESIm/z: 407 [MH]* 
30 Elemental analysis: Found C 58.0 H 4.8 N 12 3 

C 22 H„NAF0.4H 3 Ol.IHCI R equires C 58.2 H 4.6 Nl2.4o/ 0 
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Example 20 

A solution of 4-(5-ben Z yloxy-2-fluoro-4-methylphenoxy)-6-methoxy-7-(2- 
methoxyethoxy)cinnoline (242mg. O.Smmol) in a mixture of methanol (9ml) and DMF 
5 (10.5ml) containing 10% palladium-on-charcoal catalyst (IOOmg) was stirred under hydrogen 
at 5 atmospheres pressure for 9 hours. The catalyst was removed by filtration and the solvent 
was evaporated. The residue was washed with methanol and ether and dried under vacuum to 
give4-(2-fluoro-5-hydroxy^ m eth* 
as a white solid (87mg, 44%). 
10 m.p. 267-273°C 

'H NMR Spectrum: (DMSOd 6 ; CD 3 COOD) 2.18(s, 3H); 3.37(s, 3H); 3.80(t. 2H); 4.04(s. 3H)- 
4.39(t. 2H); 6.8(d. 1H); 7.2(d. 1H); 7.49(s, 1H); 7.79(s, 1H); 8.49(s, 1H) 
MS - ESI m/z: 375 [MH]* 

Elemental analysis: Found C 58.9 H 5.3 N 7.5 

15 C )9 H l9 NAF0.7H 2 O0.06DMF Requires C 58.9 H 5.4 N 7.4% 

The starting material, 4-(5-ben 2 yloxy-2-fluor<Hl-methylphenoxy)-6-methoxy-7-(2- 
methoxyethoxy)cinnoline was obtained by heating a solution of 5-benzyloxy-2-fluoro-4- 
methylphenol (314mg, Urnrnol) and 4-chloro-6-methoxy-7-(2-methoxyethoxy)cinnoline 

20 (280mg, lmmol), (prepared as described for the starting material in Example 2), in pyridine 
(6ml), at reflux for 15 hours. After evaporation of the solvent, the residue was partitioned 
between ethyl acetate and water adjusted to pH7. The organic layer was separated, washed 
with water and then brine, dried (MgS0 4 ) and the solvent evaporated. The residue was 
purified by flash chromatography using methylene chloride/ether (4/6 followed by 3/7) as 

25 eluent to give 4-(5-benzyloxy-2-fluoro-4-methylphenoxy)-6-methoxy-7.(2- 
methoxyethoxy)cinnoline as a white solid (247mg, 53%). 

■H NMR Spectrum: (DMSOd 6 ) 2.27(s, 3H); 3.37(s, 3H); 3.8(t. 2H); 4.0(s, 3H); 4.4(t. 2H); 
5-14(s, 2H); 7.26(d, 1H); 7.3-7.5(m. 6H); 7.5(s, 1H); 7.81(s, 1H); 8.44( s? 1H) 

The starting material 5-ben 2 yloxy-2-fluoro-4-methylphenol. was obtained bv adding 
30 a solution of sodium nitrite (1 .68g ? 24mmol) in water (3.5ml), dropwise. to a solution of 5- " 
benzyloxy-2-fluoro-4-methylaniline (4.7g, 20mmol) in acetic acid (82ml) and 70% sulphuric 
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acid (3. 1 5ml) cooled at 1 0°C. The mixture was stirred vigorously for 20 minutes, then a 
solution of copper(II)nitrate trihydrate (48 Ig, 2mol) in water (790ml) was added, followed by 
copper(II)oxide (3g, 19mmol). After stirring for 3 hours, the mixture was extracted with ethyl 
acetate. The organic layer was washed with water and then brine, dried (MgSO,) and the 
5 solvent evaporated. The resulting oil was purified by Hash chromatography using petroleum 
ether/ether (85/1 5) as eluent to give 5-benzyloxy-2-fluoro-4-meth y lphenol as an orange oil 
(1.25g,27%). 

The starting material, 5-benzyloxy-2-fluoro-4-methylaniline. was obtained by 
adding iron powder (2.88g, Slmmol), in portions, to a solution of 5-benzyloxy-2-fluoro-4- 
10 methylnitrobenzene (4.8g, ISmmol) in acetic acid (33ml) and water (5.7ml), at ambient 
temperature. The mixture was heated and after stirring at 100°C for 10 minutes, it was cooled 
and partitioned between ethyl acetate and water. The organic layer was washed with water, 
aqueous saturated sodium carbonate solution and then brine, dried (MgS0 4 ) and the solvent 
evaporated. The residue was purified by flash chromatography using petroleum ether/ethvl 
1 5 acetate (8/2) as eluent to give 5-benzyloxy-2-fluoro-4wnethylaniline (3.65g, 87%). 

The starting material S-benzyloxy^-fluoro^-methylnitrobenzene was obtained by 
adding benzyl bromide (3ml, 25mmol) to a solution of 2-fluoro-5-hydroxy-4- 
methylnitrobenzene (3.92mg, 23mmol) in DMF (70ml) containing potassium carbonate (9. 5g. 
68mmol). After stirring for 3 hours at 60°C. the mixture was diluted with water and adjusted 
20 to P H2. After extraction with ethyl acetate, the organic layer was washed with water and then 
brine, dried (MgSO,) and the solvent evaporated. The solid was filtered off. washed with 
hexane and dried under vacuum to give 5-benzyloxy-2-fluoro-4-methylnitrobenzene (4.83g, 



The starting material 2-fluoro-5-hydroxy-4-methylnitrobenzene. was obtained bv 
25 adding 2M aqueous sodium hydroxide solution (13.1ml), dropwise. to a solution of 2-fluoro- 
5-methoxycarbonyloxy-4-methylnitrobenzene (6g, 26mmol), (prepared as described in 
European Patent Publication No. 307777), in methanol (70ml) cooled at 0°C. After surrine 
for 30 minutes, the mixture was concentrated by evaporation. After dilution with water the 
solution was adjusted to P H2 and extracted with ethyl acetate. The organic .aver was washed 
30 with water and then brine, dried (MgS0 4 ) and the solvent evaporated to g.ve 2-fluoro-5- 
hydroxy-4-methylnitrobenzene as a yellow solid (4g. 90%). 
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Example 21 

A solution of 4-chloro-6.7-dimethoxycinnoline hydrochloride (261mg, Immol) 
(prepared as described for the starting material in Example 1 ), and 2-fluoro-5-hydroxv-4.' 
5 methylene (1 70mg, 1 .2mmol), (prepared as described for the starting material in Example 
11). m 2-pentanol (5ml) was heated at 120°C for 3 hours. After cooling, the solid was filtered 
off. washed with isopropanol and ether and dried under vacuum to give 4-(2-fluoro-5- 

hydroxy^-methvlanilinoHJ-dimethoxycinnoline as an hydrochloride salt (301mg 82%) 
m.p.251-253°C ' 

10 'H NMR Spectrum: (DMSOd 6 ; CD 3 COOD) 2.22(s, 3H); 4.05(s. 3H); 4.07(s. 3H); 6.97(d. 
IH): 7.24(d. IH); 7.39(s, 1H); 8.08(s. 1H); 8.22(d, 1H) 
MS - ESI m/z: 330 (MHr 

Elemental analysis: Found C 55.2 H 4.8 N 11.1 

C 17 H 16 NAF 0.1H 2 O 1HC1 Requires C 55.6 H 4.7 Nil 4% 

15 

Example 22 

A solution of 4-chloro-6,7-dimethoxycinnoline hydrochloride (261mg, Immol). 
(prepared as described for the starting material in Example 1 ), and 4-chloro-2-fluoro-5- 
hydroxyaniline (193mg, 1.2mmol), (prepared as described in EP 061741), was treated in a 
20 manner similar to that described in Example 21 in order to produce 4-(4-chloro-2-fluoro-5- 
hydroxyanUino)-6,7-dimethoxycinnoline as an hydrochloride salt (315mg, 82%). 
m.p. 255-256°C 

'H NMR Spectrum: (DMSOd 6 ; CF 3 COOD) 4.05(s, 3H); 4.07(s, 3H); 7.19(d, IH); 7.4(s IH)- 
7.65(d, IH); 8.07(s, IH); 8.34(d, IH) 
25 MS - ESI m/z: 350 [MHJ* 

Elemental analysis: Found C 49.5 H 3.8 N 10.5 

C, t H 13 NACIF 1HC1 Requires C 49.8 H 3.7 N 10.9% 

Example 23 

30 A solution of 4-chloro-6-methoxy-7-[2-(2-methoxyethoxy)ethoxv]cinnoline (I30m e 

0.41mmol) and 2-fiuoro-5.hydroxy-4-methy.aniline (70mg, 0.5mmol). (prepar.d as described 
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for the starting material in Example 1 1), in 2-pentanol (3ml) containing 5M hydrogen chloride 
in isopropanol (2drops) was heated at reflux for 45 minutes. After cooling the solid was 
filtered off, washed with isopropanol followed by ether to give 4-(2-fluoro-5-hydroxy-4. 

methylanilino)-6-methoxy-7-|2.(2- m ethoxyethoxy)ethoxy|cinnoline as an hydrochloride 
5 salt(159mg, 88%). 

m.p. 250-256°C 

'H NMR Spectrum: (DMSOd 6 ) 2.21 (s, 3H); 3.27(s ; 3H); 3.51(dd. 2H): 3.66(dd. 2H): 3.90(t, 
2H); 4.06(s, 3H); 4.37(t.2H); 6.98(d. 1H); 7.25(4 1H); 7.46(s. 1H): 8.18(d. 1H); 8.23(s. 1H): 
9.94(s. 1H); 11.2(s, IH) 
10 MS-ESIm/z:418[MH]- 

Elemental analysis: Found C 55.2 H 5.7 N 8.8 

C 31 H ;4 NAF0.2H,OIHC1 Requires C 55.1 H 5.6 N 9.2% 

The starting compound 4-chloro-6-methoxy-7-[2-(2-methoxyethoxy)ethoxy]- 
1 5 cinnoline was obtained by adding triphenylphosphine (995mg, 3.8mmol), followed by 

diethyleneglycol (271 M 1. 2.2mmol) and diethyl azodicarboxylate (598ul. 3.8mmol). dropwise. 
to a suspension of 4-chloro-7-hydroxy-6-methoxycinnoline (0.4g, 1 .9mmol), (prepared as 
described for the starting material in Example 10), in methylene chloride (12ml) under 
nitrogen and cooled to 10°C After stirring for 1 hour, the solvent was evaporated and the 
20 residue purified by flash chromatography using methylene chloride/ethyl acetate (5/5 
followed by 4/6) as eluent to give 4-chIoro-6-methoxy-7-[2-(2- 
methoxyethoxy)ethoxyjcinnoline (366mg, 91%). 

Example 24 

25 A solution of 4,6-dichlorocinnoline (200mg, Immol) and 2-fluoro-5-hydroxy-4- 

methylaniline (169mg, 1 .2mmol), (prepared as described for the starting material in Example 
1 1), in 2-pentanol (4ml) containing 7M isopropanolic hydrogen chloride (2drops) was heated 
at reflux for 45 minutes. After cooling the solid was filtered off. washed with isopropanol 

followed by ether to give 6-ehloro-4-(2-fluaro-5-hydroxy-4-me t hylanilino)einnolme 

30 hydrochloride (326mg, 95%). 

'H NMR Spectrum: (DMSOdJ 2.20(s. 3H): 6.98(d. 1H); 7.26(d. IH): 8.1 Ws. 2H): 
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8.35(s, IH); 9.1(s. 1H); 9.98(brs ? 1H) 
MS - ESI: 304 [MHJ* 

Elemental Analysis: Found C53.4 H4.0 Nil, 

^ C„H„ Ns OFC.0.95HC,0..aO Re q „ ites C 53.0 „ 3 .« N 12.4% 

The starting material was prepared as follows: 

A aolutionofa-hvaroxy-^ehlorocinnnolinedg, 5.5mmo,), „. Ch em. Soc. , MI 
' ,hi0n> " « <'0m,) and DMF ((Mm!) was heated at reflux for 20 minutes ' 

Toluene was added and the volatiles were removed by evaporation. The solid was partitioned 

carbonate. The organic layer was washed with water and brine, dried (MgSO.) and the ' 
volatile* removed by evaporation. The tesidue was purified by eolumn chromatographv 

ZZ Tnr? y '™ chloride/e " ,er <95/5) ,o 8ive 4 ^ chi ° TOi ™"> |i " «** 

15 'HNMRSpec.»m..(CDCl > )7.8 5 ,dd. l H) ;8 .I 8 (d.lH); 8 . S 2(d.lH);9.36< S IH) 
MS -El: 199 [M ]- 

Elememal Analysis: Folmd ^ ^ ^ 

C.H.N.CU Requires C483 H2Q N[4i% 

30 Eiamnl- y i 

A ;;' Uli0 ° of 4 - hl ^-«^y-7-(3.mo,h„.i„opr„p„ xy)cilMoline hydroch|oride 
>50mg, 0.36mm.,,, (prepaid as described for the starting materia, in Example ,2, 4-chfon,- 
-fluoroartiline (77mg, 0. 5 3mm„l, in 2-pe„,a„ ol (4ral) ^ 5M isopropanolic 
chlonde (1ml) was heated a. ,20°C for I hour. The mixttne was allowed <o cool and 
-5 tsopropanoi was added. The nesuMng ^ ^ by ^ ^ ^ 

ether and dried under vacuum to give 4^.ch 1 oro.2-f1„„ r .,„,„ MH . nlea , ( „ y . ^ 
morpholmopropoxy)cinnoline hydrochloride (1 85mg 98%) 

•H NMR Spec^um: (DMSOd.) 2,-2.4(m. 2H); 3,-3.2(m. 2„, ; 3.3-3.4<m. 2„,; 3,-3.60, 
2H); 3.8-3.95(m. 2H) ; 3.95-,. I,m. 2H); 4.08<s, 3H) ; 4.38ft 2H); 7,5(dd. IH)- 7 57(s IHV 
30 7.71(,, IH); 7.80(dd. 1H>; 8.3,(d. ,H); 8.4<s, IH) 
MS - ESI: 447 [MHT 
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Elemental Analysis: found C 50.0 H 5.2 N 10.2 

C :: H :4 N AFC1 1 -95HC1 0.5H,O Requires C 50. 1 H 5.1 N 1 0.6% 

Example 26 

A solution of 4-chloro-6-methoxy-7-(3-pyrrolidinopropoxy)cinnoline hydrochloride 
(130mg, 0.32mmol), (prepared as described for the starting material in Example 13). and 4- 
chloro-2-fluoroaniline (70mg, 0.48mmol), in 2-pentanol (4ml) and 5M isopropanolic 
hydrogen chloride (1ml) was heated at 120°C for 2.5 hours. The solid was filtered off. 
washed with isopropanol and then ether and dried under vacuum to give 4.(4.chloro-2- 
10 nuoroanilino)-6-methoxy-7-(3-pyrrolidinopropoxy)cinnoline hydrochloride ( 1 lOmg. 



5 



'H NMR Spectrum: (DMSOd,; CD 3 COOD) 1.9-2.1(m. 4H); 2.25-2.35(m. 2H): 3.0-3.3(br m. 

2H);3.36(t.2H);3.4-3.7(m.2H);4.06(s.3H);4.38(t.2H);7.46(s. 1H); 7.55(d. IH): 7.72ft. 
1H); 7.75(dd. 1H); 8.2 l(s. 1H); 8.33(s, 1H) 
15 MS -ESI: 431 [MH]* 

Elemental Analysis: Found c 5K2 H5 4 N1Q 3 

C H H :4 N 4 0 : FC1 1.9HC1 1.1H 2 0 Requires C 50.8 H 5.4 N 10.8% 

Example 27 

20 A solution of 4-chloro-7-(2-methoxyethoxy)cinnoline (1 56mg, 0.65mmol) and 2- 

nuoro-5-hydroxy-4-methylaniline (1 1 Img, 0.78mmol), (prepared as described for the starting 
material in Example 1 1 ), in 2-pentanol (8ml) and 5M isopropanolic hvdrogen chloride ( 1 ml) 
was heated at 120°C for 2.5 hours. The solid was filtered off. washed with isopropanol and 
then ether and dried under vacuum to give 4-(2-nuoro-5-hydroxy-4-methylanilino)-7-(2- 

25 methoxyethoxy)cinnoline hydrochloride (207mg, 84%). 

'H NMR Spectrum: (DMSOdJ 2.19(s, 3H); 3.4(s ? 3H); 3.8(t, 2H); 4.40. 2H); 6.96(d. 1H); 
7.25(d, IH); 7.38(s, 1H); 7.61(d ? 1H); 8.21(s. 1H); 8.71(d. 1H); 9.94(s. IH) 
MS - ESI: 344 [MH]* 

Elemental Analysis: Found C57 ] H5 4 N nj 

30 C 18 H 18 N 3 0 3 F 0.15H : O0.95HCl Requires C 56.8 H 5.1 N 11.0% 
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The staning material was prepared as follows: 

DM* azodicarboxylate <349p,. 2.2mmo.> was added dropwise ,o a ^pension of 
-me.hoxye.hano! < , 05pl. , . 3mmol) in mmm Mo ^ ^ ^ ^ ( ^ 

> m '"^^«^for30 m i„u,.sa„dfu n harrtphe„vlph C , S phi„ e ( l 45 mg ) 

memoxyetao, W) and diemy, azodicartoxylare ,, 8(ll) w*re ^ ^ ^ ^ 
•hen allowed ,o wunn ■„ ambien, ,empera„« and s,ft,ed for 30 minuK, Be voMes were 
removed by evaporanon and rhe residue was purified by column chroma.ogmphv during „„„ 

cy.ohexane7e.hy, aeeure 35/65 ,o gi ve 4-eh,oro-7, 2 . In e l h„xye t hoxy^ li „ e (158rag , 



i™r;r i,,3 - 5< " H,;3 - 88(m ' 2H,;4 ^ 

Amminium llichloride (2 6g |9mmol) ^ ^ , n ^ o a siBpaBjm 

e^T-nrertoxycinnoltoe <0.9g, 3.8mm„l>, (, Chem. Soe. ,955, 2,00). in benzene „5m,> 
and was heaIed M reflux for , honr ^ so|vem wm remoyed ^ 

chlondesomn'on^saddedandUreorganielayerwasseparared. The organic , a ,er was 
washed wirh brine, dried (MgSO., and .he soiven, removed by evapomnon. The residue was 
-0 .murared wirh erher. couecd. fihereu run, dried under vacuum «, give 4<hl„ro-7- 
hydroxycinnoline (3 68mg, 53%). 

'HN M RS P ec,n m : ( DM S Od i )7.6(dd, 1 H);7.«(d,,H, :8 . 11 (d,lH);9.35 ( ,,H) 
Examp le 28 

25 The following illuslrate r c presentalive phanMceutlca| ^ ^ ^ 

compound of formula ,. or a ptomaceuucaHy accept saft .hereof (hereafter compound X, 
for then.peu.ic or prophylaclic use in humans: 
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(a > ™«i mg /tablet 
Compound X jqq 

Lactose Ph.Eur j g 2 75 

5 Croscarmellose sodium p 0 

Maize starch paste (5% w/v paste) 2.25 

Magnesium stearate 3 0 

(b) ^abietn mg / tab »e t 

10 Compound X 50 

Lactose Ph.Eur 223 75 

Croscarmellose sodium g 0 

Maize starch q 

Polyvinylpyrrolidone (5% w/v paste) 2.25 

1 5 Magnesium stearate 3 0 

(C) me/tablet 
Compound X j q 

Lactose Ph.Eur 93 ? 5 

0 Croscarmellose sodium 40 

Maize starch paste (5% w/v paste) o.75 

Magnesium stearate 1 0 

(d) Capsule . . 

mg/capsule 

> Compound X j 0 

Lactose Ph.Eur 488 5 

Magnesium stearate j 5 



(e) 

30 



Tniection I 

Compound X 

IN Sodium hydroxide solution, 



( 50 mg/ml) 
5.0% w/v 
15.0% v/v 
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0. 1 N Hydrochloric acid 
(to adjust pH to 7.6) 

Polyethylene glycol 400 4 5 o /o w/v 

Water for injection to 100% 

5 

(0 '"iection fl KWmH 

Compound X , 0%w/v 

Sodium phosphate BP 3 6% w/v 

0. IN Sodium hydroxide solution ] 5.o»/ 0 v / v 

* Water for injection to 1 00% 

(8) Injection III . . . „ , 

nmg/ml.huf feredtop H^ 

Compound X Q {% w/y 

Sodium phosphate BP 2 .26% w/v 

Citricacid 0.38% w/v 

Polyethylene glycol 400 3 5 o /o w/v 

Water for injection to 100% 

Note 

The above formulations may be obtained by conventional procedures well known ii 
the pharmaceutical art. The tablets (a)-(c) may be enteric coated by conventional means, for 
example to provide a coating of cellulose acetate phthalate. 
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CLAIMS 



1 . The use of a compound of the formula I: 




10 



(I) 



[wherein: 
Z represents -0-. -NH-. -S- or -CH,-; 
m is an integer from 1 to 5; 

R' represents hydrogen, hydroxy, halogeno. nitro. cyano. trifluoromethyl. C,,alkvl, C, 
15 3 alkoxy, Cl ,alkylthio or NR*R'(wherein R' and R\ which may be the same or different, 
each represents hydrogen or C,. 3 alkyl); 

R 2 represents hydrogen, hydroxy, fluoro. chloro. methoxy, amino or nitro: 

R 3 represents hydroxy, halogeno, C^alkyl, C.^alkoxy, C, 3 aIkanoyIoxy. trifluoromethyl. 

cyano, amino or nitro; 

20 R< represents hydrogen, hydroxy, halogeno. cyano. nitro. amino, trifluoromethyl. C„alkvl or 
a group R s -X< (wherein X' represents -0-, -CH ; -. -S-, -SO-. -SO,-. -NR*CO-. -CONR*- - 
S0 2 NR'\ -NR"SO,- or -NR»- (wherein R«. R>. R», R" and R'-' each independently 
represents hydrogen. C M alkyl or C, 3 alkoxyC, 3 alkyl) and R s is selected from one of the 
following fourteen groups: 
25 1 ) CMalkyl, C,. 3 hydroxyalkyl, C^fluoroalkyl, C.^aminoalkyl; 

2) C^alkylX^COR" (wherein X' represents -O- or NR" (in which R« represents hydrogen. 
C, 3 alkyl or C, 3 alkoxyC 2 3 alkyl) and R» represents C, 3 alkyl. NR I5 R' 6 or OR" (wherein R'\ 
R' 6 and R» which may be the same or different are each hydrogen. C„alkyl or C, ? alkoxvC. 
3 alkyl), with the proviso that when X : is -0-. R' 3 is not OR 17 ); 
30 3) C, 5 alkylX 3 R" (wherein X J represents -0-. -S-. -SO-. -SO,-. -OCO-. -NR»CO-. - 
CONR--. -SONR 31 -. -NR»SOr or -NR M - (wherein R". R» R « R r ^ R „ each 
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independently represents hydrogen. C,. 3 alkyl or C,. 3 alkoxyC 2 . 3 alkyl) and R'« represents 
hydrogen. C,. 3 alkyl, cyclopentyl. cyclohexyl or a 5 or 6 numbered saturated heterocyclic 
group with one or two heteroatoms, selected independently from O. S and N. which C,. 
,alkyl group may bear one or two substituents selected from oxo, hydroxy, halogeno and 
5 C M alkoxy and which cyclic group may bear one or two substituents selected from oxo. 
hydroxy, halogeno. C M alkyl. C M hydroxyalkyl and C M alkoxy); 

4) C^alkylX'CalkylX^R- (wherein X* and X 5 which may be the same or different are 
each -O, -S-, -SO-, -SO r , -NR»CO-, -CONR 26 -, -S0 2 NR 3 \ -NR»S0 2 - or -NR--- (wherein 
R 25 . R 26 , R J \ R 2S and R w each independently represents hydrogen. CMalkyl or C,. 3 alkoxyC,. 

1 0 3 alkyl) and R M represents hydrogen or C,. 3 alkyl); 

5) C,. 5 alkylR» (wherein R 30 is a 5 or 6 membered saturated heterocyclic group with one or 
two heteroatoms, selected independently from O, S and N. which heterocyclic group may 
bear one or two substituents selected from oxo. hydroxy, halogeno. C M alkyl. C,. 
4 hydroxyalkyl and C M alkoxy); 

1 5 6) C 2 . 5 alkenylR 30 (wherein R 30 is as defined herein); 

7) C, 5 alkynylR 30 (wherein R 30 is as defined herein); 

8) (CH 2 )„R 3 ' (wherein n is an integer from 0 to 5 and R 31 is a phenyl group, a pyridone 
group or a 5 or 6 membered aromatic heterocyclic group with 1 to 3 heteroatoms selected 
from O. N and S, which phenyl, pyridone or aromatic heterocyclic group may carry up to 5 

20 substituents selected from hydroxy, halogeno. C M alkyl. C M alkoxy, C M hydroxyalkyl. C, 
4 hydroxyalkoxy, carboxy, cyano. CONR w R» and NR^COR 35 (wherein R 32 , R 33 . R" and 
R 35 , which may be the same or different, each represents hydrogen, C M alkyl or C,. 
3 alkoxyC 2 . 3 alkyl); 

9) C 2 .,alkenylR 3 ' (wherein R 31 is as defined herein); 
25 1 0) C 2 . 5 alkynylR 3 ' (wherein R 3 ' is as defined herein); 

1 1) C,. 5 alkylX 6 R 3 ' (wherein X 6 represents -0-. -S-. -SO-. -SO,-, -NR^CO-. -CONR"-. - 
S0 2 NR 3 \ -NR 3 'S0 2 - or -NR 40 - (wherein R» R» R» R 39 and R- each independently 
represents hydrogen. C, 3 alkyl or C,. 3 alkoxyC 2 . 3 alkyl) and R 31 is as defined herein); 

12) C,.jalkenylX 7 R 31 (wherein X 7 represents -0-, -S-, -SO-, -S0 2 -, -NR 4, CO-, -CONR"-. - 
30 SO : NR<\ -NR"S0 2 - or -NR"- (wherein R«. R« R« R« and R« each independently 

represents hydrogen. C I 3 alkyl or C^alkoxyC^alkyl) and R 31 is as defined herein): 
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13) C^aJkynylX'R" (wherein X s represents -0- ? -S-. -SO-. -SO,-. -NR J6 CO-. -CONR 47 - - 
S0 3 NR«-. -NR-SO : - or -NR»- (wherein R« R« r- r*> each independently 
represents hydrogen. C, 3 alkyl or C 10 alkoxyC..,alkyl) and R 31 is as defined herein,: 

14) C 1 . 3 alkylX'C,.3alky!R 3, (wherein X 9 represents -O-. -S-, -SO-. -SO,-. -NR 5, CO-. - 
5 CONR"-. -SO ; NR 3 \ -NR"SO : - or -NR»- (wherein R 51 . R». R» R ,J and r» each ' 

independently represents hydrogen. C,,alkyl or C, ja lkoxyC w alkvl) and R 31 is as defined 
herein))]; 

and salts thereof, in the manufacture of a medicament for use in the production of an 
antiangiogenic and/or vascular permeability reducing effect in a warm-blooded animal such 
10 as a human being. 

2. A compound of the formula I as defined in claim 1 with the proviso that where 
m is 1 . R J is meta-hydroxy and with the further proviso that the compound of formula I is 

not 4-(2.6-dimethy!phenoxy)-6.7-dimethoxycinnoline; and salts thereof, for use as a 
1 5 medicament. 

3. A compound of the formula I as defined in claim 1 with the proviso that where 
m is L R 3 is meta-hydroxy and with the further proviso that the phenyl group bearing (R 3 ), n 
is not 3.4-dimethylphenyl and that when the phenyl group bearing (R 3 ) m is 2.5- 

20 dichlorophenyl, 3,5-dichlorophenyl. 2.3-dichlorophenyl. 2.4-dichlorophenvl. 3.4- 
dichlorophenyl, 2,6-dichlorophenyi, 2.6-dimethylphenyl, 2-bromo-4-chlorophenvI. 4- 
bromo-2-chlorophenyl. 2-bromo-4-methylphenyL 2-chloro-4-methvlphenvl. 2-chloro-4- 
hydroxyphenyl, 3-chlo ro -4-hydroxyphenyl, 3.5-dichlo ro -4-hydroxyphenyl. 2.5-dichloro-4- 
hydroxyphenyl or 5-chloro-2-methylphenyl, Z is -NH-; and salts thereof 

25 

4. A cinnoline derivative as claimed in claim 3 wherein R-' is hydrogen. 



-NH-. 

30 



5. A cinnoline derivative as claimed in claim 3 or claim 4 wherein Z is 
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6. A cinnoline derivative as claimed in any one of claims 3 to 5 wherein R 1 is 
methoxy. 

7. A cinnoline derivative as claimed in any one of claims 3 to 6 wherein the 

5 phenyl group bearing (R\ is 2-fluoro-5-hydroxy-4-methylphenyl. 4-chIoro-2-fluoro-5- 
hydroxyphenyl, 4-chloro-3-hydroxyphenyl, 4-bromo-3-hydroxyphenyl, 3-hydroxy-4- 
methylphenyl,or4-bromo-2-fluoro-5-hydroxyphenyl group. 

8. A cinnoline derivative as claimed in any one of claims 3 to 7 wherein R 4 is 
1 0 hydroxy, halogeno. nitro, trifiuoromethyl, C, 3 alkyl, cyano, amino or a group R'-X' 

(wherein X' is as defined in claim 1 and R 5 is selected from one of the following fourteen 
groups: 

1 ) C M alkyl, C^hydroxyalkyl, C M fiuoroaJkyl, C^aminoalkyl; 

2) C 2 . 3 alkylX 2 COR" (wherein X 2 is as defined in claim 1 and R' J represents C, 3 alkyl 

1 5 NR»R« or OR- (wherein R» R' 6 and R» which may be the same or different are each C,. 
2 alkyl or C p . 2 alkoxyethyl) with the proviso that when X 2 is -O-, R' J is not OR' 7 ); 

3) C^alkylX'R" (wherein X 3 is as defined in claim 1 and R" represents C,. 3 alkyl, 
cyclopentyl, cyclohexyl, pyrrolidinyl and piperidinyl which group is linked to X' through a 
carbon atom and which C 10 alkyl group may bear one or two substituents selected from 

20 oxo, hydroxy, halogeno and C, 2 alkoxy and which cyclopentyl, cyclohexyl, pyrrolidinyl or 
piperidinyl group may carry one substituent selected from oxo, hydroxy, halogeno, C," 
2 alkyl, C,. 2 hydroxyalkyl and C,. 2 alkoxy); 

4) C 20 alkylX 4 C 2 . 3 alkylX 5 R" (wherein X 4 and X 5 are as defined in claim 1 and R« 
represents hydrogen or C,. 3 alkyl); 

25 5) C M alkylR» (wherein R» is a group selected from pyrrolidinyl, piperazinyl, piperidinyl, 
U-dioxolan-2-yl, l,3^ioxan-2-yl, l,3-dithiolan-2-yl and l,3-dithian-2-yl, which group is 
linked to C M alkyl through a carbon atom and which group may carry one or two 
substituents selected from oxo, hydroxy, halogeno. C, 2 alkyl, C, 2 hydroxyalkyl and C, 
2 alkoxy) or C^alkylR- (wherein R- is a group selected from morpholino, thiomorpholino, 

30 pyrrolidin-l-yl, piperazin- 1 -yl and piperidino which group may carry one or two 
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substituents selected from oxo. hydroxy, halogeno. C,.,alkyl. C,. : hydroxyalkyl and C,. 
,alkoxy); 

6) C^alkenylR 6 ' (wherein R" represents R 59 or R 40 as defined herein); 

7) C^alkynylR 61 (wherein R" represents R 59 or R 40 as defined herein): 

5 8) (CH,) n R J ' (wherein n is an integer from 1 to 3 and R 3 ' is a pyridone group or a 5 or 6 
membered aromatic heterocyclic group with 1 to 2 heteroatoms selected from 0. N and S. 
of which one is N which pyridone or aromatic heterocyclic group may be substituted with 
one substituent selected from halogeno. C,. 2 alkyl, C,.,aIkoxy, C ( . 2 hydroxyaJkyl. C, 
,hydroxyalkoxy, carboxy, cyano, CONR 3J R 33 and NR 34 COR M (wherein R 3 \ R» R" and 
1 0 R 35 , which may be the same or different, each represents hydrogen, C,. 2 alkyl or C,. 
2 alkoxyethyl)); 

9) l-R jl but-2-en-4-yl (wherein R 31 is as defined herein); 

10) l-R 3, but-2-yn-4-yl (wherein R 31 is as defined herein); 

1 1 ) C,. 5 alkylX 6 R 31 (wherein X 6 is as defined in claim 1 and R 3 ' is as defined herein): 
1 5 12) l-(R 3, X')but-2-en-4-yl (wherein X 7 is as defined in claim 1 and R 3 ' is as defined 

herein); 

13) l-(R 3, X*)but-2-yn-4-yl (wherein X« is as defined in claim 1 and R 3 ' is as defined 
herein); 

14) C,. J alkylX 9 C,. 2 alkylR 3 ' (wherein X 9 is as defined in claim 1 and R 31 is as defined 
20 herein)). 



9. A cinnoline derivative as claimed in any one of claims 3 to 8 wherein R 4 is 
hydroxy, C„alkyl, amino, or a group R 3 -X' (wherein X 1 is as defined in claim 1 and R' is 
methyl, ethyl, trifluoromethyl, 2,2,2-trifluoroethyl, 2-hydroxyethyl, 3-hydroxypropyl. 2- 
methoxyethyl, 3-methoxypropyl, 2-(methylsulphinyl)ethyl, 2-(methylsul P honyI)ethvl. 2- 
(EN-dimethylsulphamoyl)ethyl, 2-(N-methylsulphamoyl)ethyK 2-sulphamoylethyl. 2- 
(N,N-dimethylamino)ethyl, 3-(N,N-dimethylamino)propyl, 2-morpholinoethyl. 3- 
morpholinopropyl, 2-piperidinoethyl, 3-piperidinopropyi, 2-(piperazin-l.vl)ethyl. 3- 
(piperazin-l-yl)propyl, 2-(pyrrolidin.l-yl)ethyl, 3-(pyrrolidin-l-yl )pr opvl, (1.3-dioxolan-2- 
yl)methyl. 2-(l,3-dioxolan-2-yl)ethyl. 2-(2-methoxyethylamino)ethyl. 2-(2- 
hydroxyethylamino)ethyl, 3-(2-methoxyethylamino)propyl, 3-(2- 
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Mroxye%lami^^ 

methylimida2ol-2-ylmethyl, 2-(imida 2 ol-l-yl)ethyI, 2-(l ) 2.3-tria2ol-l-vl)ethyl. 2-(l 7 3 . 
triazol-2-yl)ethyl, 2-(l,2,4-triazol.l-yl)ethyl, 2-(l,2.4-triazol-4-yl)ethvl. 4-pvridvI me thvl 
2-(4-pyridyl)ethyl, 3-(4-pyridyl)propyl, 2-(4-pyridyloxy)ethyl, 2-(4-pyridvlamino)ethvl' 7 
5 (4-oxo-1.4-dihydro-l-pyridyl)ethyl or 2-thiomorpholinoethyl, 3-thiomorpholinopropyl 7. 
<2-methoxyethoxy)ethyl, 2-(4-methylpipera 2 in- l-yl)ethyl or S-^-methylpiperazm-l- 
yl)propyl). 



10. A cinnoline derivative as claimed in any one of claims 3 to 9 wherein R« is 
10 methyl, ethyl, trifluoromethyl, 2,2,2-trifluoroethyl, 2-hydroxyethyl, 3-hydroxypro P yl. 2- 
methoxyethyl. 3-methoxypropyl, 2-(methylsulphinyI)ethyl. 2-(meth y lsulphonyl)ethvI. 2- 
(N,N-dimethylsulphamoyl)ethyl. 2-(N-meth y lsulphamoyI)ethy|, 2-sulphamoylethyI, 2- 
(N.N-dimethylamino)ethyI, 3-(N ! N-dimethylamino)pro P yI, 2-morpholinoethyI. 3- 
morpholinopropyl, 2-piperidinoethyl, 3-piperidinopropyl, 2-(piperazin- 1 -yl)ethyl. 3- 
15 (piperazin-I-yDpropyl, 2-(pyrrolidin-l-yl)ethyl, 3-(pyrroIidin-l-yl)pro P yL 2-<I,3-dioxolan- 
2-yl)methyl, 3-(l,3-dioxolan-2-yI)ethyl, 2-(2-methoxyethylamino)ethyl, 2-(2- 
hydroxyethylaimno)ethyl, 3-(2-methoxyethylamino)propyl, 3-(2- 

hydroxyethylamino)propyl, 2-memyl m iazol-4-ylmethyl, l-methylimidazoI-2-ylmethvl, 4- 
pyridyimethyl. 2-(4-pyridyI)ethyl or 3-(4-pyridvl)prop y l. 

!0 

1 1 . A cinnoline derivative as claimed in an y one of claims 3 to 7 wherein R* is a 
group R'-X' in which R 5 is as defined in claim 1 and X' represents -0-, -S-. -NR 4 CO- 
(wherein R' represents h y drogen or meth y l) or NH. 



25 



12. A compound of the formula lb: 
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r°-x 



(lb) 

wherein R"> is hydrogen. C, 3 alkoxy, or halogeno; R» is hydrogen; X'" is -O-: R* is C| 
3 alkyl, 2-(C I . 3 alkoxy)ethyl, benzyl, 4-pyridyl(C,. 3 alkyI), morpholino(C, 3 alkyl) 
10 pyrrolidino^alkyl), 2- m ethyl,hia Z ol-4-yl(C 1 . 3 alkyl), l-methylimidazol-2-yKC, ,a!kvl) 
and 2-((C 1 .3alkoxyXC l . J alkoxy))ethyl; Z» b -NH- or -O-; mb is 2 or 3; and the phenyl group 
bearing (R») mb is selected from: 3-hydroxy-4-methyiphenyl. 4-chloro-2-fluorophenyl. 4- 
bromo-2-fluorophenyl, 4<hloro-2-fluoro-5-hydroxyphenyl. 5-acetoxy-4-chloro-2- 
fluorophenyl. 2-fluoro-5-hydroxy-4-methylphenyl and 4-bromo-2.fluoro-5-hydroxyphenvl: 
15 and salts thereof. 

13. A cinnoline derivative as claimed in claim 1 selected from: 
4-(4<hlo ro -2-fluoro-5-hyd™ 

4-(4-bromo-2-fluoro-5-hydroxyanilinoV6-memoxy-M2-methoxyethoxy)c 
20 M2-fluoro-5-hydroxy^memyl^^^ 

4 -( 2 - fl ^5-hyd ro ^ 

4-(2-fluoro-5-hydroxy-4-methylanilino).6-methoxy-7-[(2-methylthiazol-4- 
yl)methoxy]cinnoline, 

4-(2-fluoro-5-hydroxy^methylanilino)-6-methoxy-7-(3-pyrrolidino P ropoxv)cinno^ 
25 and salts thereof. 



14. A cinnoline derivative as claimed in any one of the claims 3 to 1 3 in the form 
of a pharmaceutical^ acceptable salt. 

30 15. A process for the preparation of a cinnoline derivative of formula I or salt 

thereof (as defined in claim 3) which comprises: 
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(a) the reaction of a compound of the formula III: 




(HI) 

10 

(wherein R\ R' and R< are as defined in claim 1 and L' is a displaceable moiety), with a 
compound of the formula IV: 

15 




(IV) 

(wherein Z is as defined in claim 1 and R J and m are as defined in claim 3) whereby to 
20 obtain compounds of the formula I and salts thereof; 

(b) for the preparation of compounds of formula I and salts thereof in which the group 
of formula Ha: 



25 



(Ha) 

(wherein R 5 and m are as defined in claim 3) represents a phenyl group carrying one or more 
hydroxy groups, the deprotection of a compound of formula V: 
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» z l> (RJW 




(0P) P 1 



(V) 

wherein R\ R\ R« and Z are as defined in claim L R 3 and m are as defined in claim 3, P 
10 represents a phenolic hydroxy protecting group and p' is an integer from I to 5 equal to the 
number of protected hydroxy groups and such that m-p' is equal to the number of R 5 
substituents which are not protected hydroxy; 

(c) for the preparation of those compounds of formula I and salts thereof wherein the 
substituent R< represents R'-X' in which R 5 is as defined in claim 1 and X' is -0-. -S- or - 
15 NR' 2 - (wherein R' 2 is as defined in claim 1), the reaction of a compound of the formula VI: 



20 




(VI) 

wherein X' is as defined herein, R\ R\ and Z are as defined in claim I and R J and m are as 
defined in claim 3 with a compound of formula VII: 

25 

R'-L' (VII) 
wherein R J is as defined in claim 1 and L 1 is as defined herein; 

(d) for the preparation of those compounds of the formula I and salts thereof wherein 

the substituent R< represents R'-X' the reaction of a compound of the formula VIII: 
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with a compound of the formula IX: 



(VIII) 



(IX) 



10 R 5 -X'-H 

(wherein R', R 2 . R 3 , Z and X' are all as defined in claim 1, R J and m are as defined in claim 
3 and L' is as defined herein; 

(e) for the preparation of those compounds of the formula I and salts thereof wherein 
R 4 represents R 5 -X' in which X 1 is as defined in claim 1 and R 5 is C M aIkylR*\ (wherein R M 
1 5 is selected from one of the following four groups: 

1) X ,0 C,. 3 alkyl (wherein X 10 represents -0-, -S-, -SO r , NR 63 CO, NR 66 S0 2 or NR W (wherein 
R", R 46 and R 67 each independently represents hydrogen, C,. 3 alkyl or C,. 3 alkoxyC. 3 aikyl)); 

2) NR M R M (wherein R 6 * and R" which may be the same or different are each hydrogen, C,. 
3 alkyl or C^alkoxyC^alkyl); 

20 3) X'^^alkylX 3 ^ 4 (wherein X" is -0-, -S-, -SO r , NR ,0 CO. NR 7, SO, or NR" (wherein 
R 70 . R 7 ' and R 72 each independently represents hydrogen, C,. 3 alkyl or C,. 3 alkoxyC,. 3 alkyl) 
and X 5 and R 24 are as defined in claim 1); and 

4) an aromatic heterocyclic group selected from pyrrolyL imidazolyl, pyrazolyl and 
triazolyl (which aromatic heterocyclic group is linked to the C,. 3 alkyl moiety via a nitrogen 

25 atom of the heterocyclic ring and which aromatic heterocyclic group may carry up to 4 
substituents selected from halogeno, C M alkyl, C M alkoxy, C M hydroxyalkyl, C,. 
.hydroxyalkoxy, carboxy, cyano, CONR"R 74 and NR 75 COR 76 (wherein R 73 , R 74 , R" and 
R 76 , which may be the same or different, each represents hydrogen or C M alkyl)), or a 5 or 6 
membered saturated heterocyclic group with one or two heteroatoms, of which one is 

30 nitrogen and the other one may be selected independently from O. S and N. (which 

heterocyclic group is linked to the CMalkyl moiety via a nitrogen atom of the heterocyclic 
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group and which heterocyclic group may bear one or two substituents selected from 
halogeno, C,,alkyl, C M hydroxyalkyl and C M alkoxy)), by reacting a compound of the 
formula X: 




(X) 

(wherein X', R', R 2 and Z are as defined in claim 1, R' and m are as defined in claim 3 L' 
is as defined herein and R" is C„alkyl) with a compound of the formula XI: 



10 R «_ H 



" (XI) 

(wherein R" is as defined herein); 

and when a salt of a cinnoline derivative of formula I is required, reaction of the compound 
obtamed with an acid or base whereby to obtain the desired salt. 

>5 16. A pharmaceutical composition which comprises as active ingredient a 

cinnoline derivative of formula I or a pharmaceutical* acceptab.e salt thereof as claimed in 
any one of claims 3 to 14 in association with a pharmaceutical^ acceptable excipient or 
carrier. 



20 1 7. A method for producing an antiangiogenic and/or vascular permeability 

reducing effect in a warm-blooded animal in need of such treatment which comprises 
administering to said animal an effective amount of a compound of formula I 
pharmaceutically acceptable salt thereof as claimed in claim 1. 



or a 
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[(i) evaporations were carried out by rotary evaporation in vacuo and work-up 
procedures were carried out after removal of residual solids such, as drying agents by nitration: 

(ii) operations were carried out at ambient temperature, that is in the range 1 8-25°C 
and under an atmosphere of an inert gas such as argon; 

(iii) column chromatography (by the flash procedure) and medium pressure liquid 
chromatography (MPLC) were performed on Merck Kieselgel silica (Art. 9385) or Merck 
Lichroprep RP-18 (Art. 9303) reversed-phase silica obtained from E. Merck. Darmstadt. 
Germany; 

(iv) yields arc given for illustration only and are not necessarily the maximum 
10 attainable: 

(v) melting points are uncorrected and were determined using a Mettler SP62 
automatic melting point apparatus, an oil-bath apparatus or a Koffler hot plate apparatus. 

(vi) the structures of the end-products of the formula I were confirmed by nuclear 
(generally proton) magnetic resonance (NMR) and mass spectral techniques: proton magnetic 

1 5 resonance chemical shift values were measured on the delta scale and peak multiplicities are 
shown as follows: s, singlet; d, doublet; t. triplet; m. multiplet; br. broad: q, quartet: 

(vii) intermediates were not generally fully characterised and purity was assessed bv 
thin layer chromatography (TLC), high-performance liquid chromatography (HPLC). infra-red 
(IR) or NMR analysis; 

-0 (viii) petroleum ether refers to that fraction boiling between 40-60°C 

(ix) the following abbreviations have been used:- 

DMF N,N-dimethylformamide 
DMSO dimethylsulphoxide 
25 TFA trifluoroacetic acid.] 

Example 1 

A solution of 4-chloro-6.7-dimethoxycinnnoline hydrochloride (0.6g. 2.3mmol), 3- 
hydroxy-4-methylaniline (0.425g, 2.5mmol) and triethylamine (800pl. 6mmol) in DMF ' 
30 (10ml) was refluxed for 1 hour. The solution was cooled and poured directlv onto a Diaion 
(trade mark of Mitsubishi) HP20SS column and elution was performed with acetonitrile/water 
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(4/6) to glve? after evaporation of the soivent. 4-(3-h y drox y -4- raethylaniIinoHf7 . 
dimeth xycinnoline (220mg, 3 1 %) as a cream solid. 



m.p. 240-244°C 



5 mZTTT^ 2,5<s - 3H); 3 ' 7(s - 3H,; 3 " fe 31ft 6 ™ »* «% 

1H). 7.14,d 1H >. 7.52(s. IH); 7.69(s. 1H ); 8 .73<s. ,H); ».. 1(s . o. 6(s |H) 

MS -ESI: 3 12 [MH]" ■ ' 
Elemental analysis: Found c ^ HJ g 

C„H„N,O J 0.9H ! O Reqllires C 623 N|2g% 

bv he., ^ maKria '- ^^J*"*"*^ hydride was ob-aioed 

-^onxlchlo^^so,^^^^^^ 
dimelhoxycmnoline hydrochloride ( 1 .2g, quanttorive). 

15 so, , 1 f e ; ,aningmattria ' •^'**< 5 ™* W0MMJb , ldfc!1 

SOlU " 0 " 0fSOd '' m " i ««"»8.27mmo.),oa«,lu 1 ,onof2-an,ino-4 5. 
dn.e.hoxyace.ophenone ( 5g> 0.025mol> in acetic acid (90ml) and sulphuric acid 
05ml> a, a mteto maintain cemperature ^ ^ ^ ^ 
90 m.nu.es. AneecooUn^concen^^^^,,^ 

watetaOOm,,. After adjusung to pH7 with sodium hydroxide , he solid was Altered washed 



25 Examp le 2 

A -'«io»of4.ch,oro^me.hoxy.7 < 2.me,h„xye,hoxy,cim,o,i„e(0.4 g , ,.5mmo,) 
and .-hydroxy^methy.amlme ,0.2 g , ..ommol, in DMF ,5ml, was hea,ed a. 1 50»C for 20 
mmu,es. After coohng, isopropanol (l5ml) ^ ^ ^ fc ^ 

30 ^-T"^ 1 ^^*'-^^^ xy.-merhyUnih.oK- 
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'H NMR Spectrum: (DMSOd 6 ; CF,COOD) 2.38(s. 3H): 3.55(s. 3H); 3.95ft, 2H): 4.2(s. 3H); 
4.5ft, 2H); 7.05(d. 1H); 7.1(s. 1H); 7.4(d, 1H); 7.52(s. 1H): 8.2(s. 1H); 8.55(4 1H) 
MS - ESI: 356 [MH]* 

Elementai analysis: Found C 58.4 H 5.9 n 10.9 

5 C I9 H ;| N 3 0 4 1HC1 Requires C 58.2 H 5.7 N 10.7% 

The starting material 4-chloro-6-methoxy-7-(2-methoxyethoxy)cinnoline was 
obtained by heating a solution of 4-hydroxy-6-methoxy-7.(2-methoxyethoxy)cinnoline (7.8g, 
0.03 lmol) in thionyl chloride (130ml) containing DMF (0.8ml) at 80°C for 2 hours. After 

10 dilution with toluene, the mixture was evaporated to dryness. The resulting solid was filtered 
off. washed with ether, and then dissolved in ethyl acetate. The ethyl acetate solution was 
washed with saturated aqueous sodium hydrogen carbonate solution and then brine, dried 
(MgSO,) and the solvent evaporated. The residue was purified by flash chromatography 
using methylene chloride/ethyl acetate (1/9) as eluent to give 4-chIoro-6-methoxy-7-(2- 

15 methoxyethoxy)cinnoline (6.2g, 74%). 
m.p. 171-173°C 

The starting material 4-hydroxy-6-methoxy-7-(2-methoxyethoxy)cinnoline was 
obtained by adding a solution of sodium nitrite (3.9g, 0.056mol) in water (5ml), dropwise. to 

a solution of 2-amino-4-(2.methoxyethoxy)-5-methoxyacetophenone ( I2.1 8g, 0.05mol) in 
20 acetic acid (180ml) and sulphuric acid (30ml). After stirring for 90 minutes at 80»C the 

solution was concentrated to half its original volume and poured into ether (800ml). The solid 
was collected by filtration and suspended in water (400ml). After adjusting to pH7.6 with 2M 
aqueous sodium hydroxide solution the resulting solid was filtered off and washed with ether 
to give 4-hydroxy-6-methoxy-7-(2-methoxyethoxy)cinnoIine (8g, 62%). 
25 m.p. 232-234°C 

The starting material, 2-amino-4.(2-methoxyethoxy)-5-methoxyacetophenone was 
obtained by adding iron powder (lOg, 0.1 8mol), in portions, to a solution of 2-nitro-4-(2- 
methoxyethoxy)-5-methoxyacetophenone (17.3g, 0.064mol) in acetic acid (80ml) heated at 
100°C. After stirring for 30 minutes at 100°C the mixture was cooled and water (20ml) was 
30 added. The mixture was extracted with ethyl acetate, the combined extracts were washed with 
water, saturated sodium carbonate solution and brine and then dried (MgSO,) and the solvent 
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evaporated. The residue was purified by flash chromatography using methylene 

chlonde/ethyj acetate (8/2 followed by 75/25) as eluent to give 2-amino-4-(2- 

methoxyethoxy)-5-methoxy-acetophenone (12.52g ? 81%). 
m.p. 99-1 01°C 

5 The starring material. 2-ni.ro-^2- ra e>hoxyetf,oxy).5. m eU 1 oxyaee,ophe„o n e was 

ob,a,„ed by adding 3-n,ethoxy^( 2 . m e th „ !( ye lhoxy ,aee,ophe„o„e (l 8.,g, 0Mmot) « 
pomons over 50 minut* ,„ a solution of 69.5% nitric acid (163ml) cooled to 2'C After 
sumng for 2 hours a, ambient temperature, rhe reacion mixture was pour*, onto ice and 
extracted with ethyl acetate. The organic layer was washed with water and brine dried 
10 CMgSO,) and .be solvent evaporated. The residue was purified by flash ctaomatography 
using methylene chloride/ethy. acetate (95/5) as eiuen. to give 2-ni,,^,2-methoxvethoxv>- 
5-methoxyacetophenone ( I ?.4g, 80%) as a pale yellow solid. 
m.p. I20-I24°C 

Tbe stariing material. 3.memoxy-..( 2 .m.uH.xyemoxy)acemphenone, was ohained 
by beating a solution of 4-bydroxy-3-me,boxyace,„pheno„e ,20g, 0.,2m„l, and. btomomethv, 
methy, ether (12.4ml. 0.13mol) in DMF (40Oml) containing potassium carbonate (49 8g ' 
0.36mol) a. 50°C overnight. After cooling, the reaction mixrure was dilured with water and 
adjusted to pH2. After extraction with ethyl acetate, me organic layer was washed w„b brine 
dr,ed(MgSO,)andevapora I ed. The residue was purified by flash chmmatography using 
-0 petroleum ether/ethyl acetate (6/4 followed by l/l ) aa eluen, to give 3-methoxy-4<2. 
methoxyethoxy)acetophenone (2 1 .8g, 8 1 %). 
m.p. 84-86°C 

Examp le 3 

25 A solution of 4-chloro-6- m ethoxy-7-(2-methoxyethoxy)cinnoline (0.4g, 1 .5m mo l) 

(prepared as described for the starting material in Example 2), and 4-ch,oro-2-fluoroaniline ' 
(282m, 2.5mmol) in DMF (5ml) was treated as described in Example 2. to give 4. ( 4-ch«oro- 

2-fluoroanili„o)-6. m ethox y -7-(2- raeth ox yet hoxy)ci„no.ine as the hvdrochloride salt 
(450mg, 72%). 

30 m.p. 279-28 1°C 
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'H NMR Spectrum: (DMSOd,; CF,COOD) 3.35(s, 3H): 3.8(t, 2H): 4.05(s. 3H): 4.4ft. 2H): 
7.4(s. 1H); 7.5(d, 1H); 7.7(t, 1H); 7.75(d. 1H); 8.05(s. 1H); 8.3f Sl 1H) 
MS - ESI: 378 [MH]* 

Elemental analysis: Found C 52.1 H 4.5 N 10.2 

5 C^H.jNjOjCIF 1HC1 Requires C 52.2 H 4.4 N 10.1% 

Example 4 

4-Chloro-6-methoxy.7-(2-methoxyethoxy)cinnoline (0.3g, l.lmmol), (prepared as 
described for the starting material in Example 2), was added to a solution of 2.4- 

10 dihydroxytoluene (lg, 8mmol) and potassium hydroxide (72mg, Urnrnol) heated at 150°C. 
After stirring for 10 minutes at 150°C, the mixture was allowed to cool and then partitioned 
between ethyl acetate and water. The pH was adjusted to 6 and the organic layer was washed 
with water and brine and dried (MgSOJ and evaporated. The solid was filtered off. washed 
with ether and dried under vacuum to give a 1/1 mixture of 4-(3-hydroxy-4-methylphenoxy)- 

1 5 6-merhoxy-7-(2-methoxyethoxv)cinnoline and 4-(3-hydroxy-2-methylphenoxy)-6- 
methoxy-7-(2-methoxyethoxy)cinnoline ( 1 50mg, 38%). 

'H NMR Spectrum: (DMSOd,; CD,COOD) 2.05 and 2.1(sx2, 3H); 3.35(s. 3H): 3.8 ft. 2H); 
4.1 and 4.15 (sx2, 3H); 4.45ft, 2H); 6.75(m. 1H); 6.85(m. 1H); 7.25(d. 1H); 8.25(d. 1H): 7.7- 
7.8(m. 2H); 8.52 and 8.65(sx2, 1 H) 
20 MS - ESI: 357 [MH]~ 379 [MNa]* 

Elemental analysis: Found C 64.2 H 5.9 N 7.7 

C l9 H, 0 N,Oj Requires C 64.0 H 5.7 N 7.9% 

The starting material 2,4-dihydroxytoluene was prepared by adding boron tribromide 
25 (3.1ml. 3.2mmol) to a solution of 2.4-dimethoxytoluene (lg, 6.5mmol) in pentane ( 1 0ml) at 
-70°C. The reaction mixture was allowed to warm to ambient temperature and the mixture 
stirred for a further 2 hours. Ice water and ethyl acetate were then added and the aqueous 
layer basified to pH9.5 with 2M aqueous sodium hydroxide solution. After stirring for 1 0 
minutes, the organic layer was separated and the aqueous layer extracted with ethyl acetate. 
30 The combined organic extract was washed with brine, dried (MgS0 4 ) and the solvent removed 
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by evaporation. The residue was porified by flash chromarographv eluting wirh metnyiene 
chloride/etiryl acerare (9/., ro give 2.4-dihydroxyroh.ene (759mg, 94%) as a whire solid. 

Example 5 

A solution of 4<hloro-6-rnerhoxy.7.(2.rr,e.hoxye U ,„x y )ci„uoli„e (0.2g, 0.7W1) 
(prepared as described for ,he sraring material h Examp|e 2) ^ 4. bromo . 2 . fluoroani|ilK ' 

f,55mE - 0 ' 82mmol) ta DM F(2.5ml) was beared a. 1 50"C for 45 minures. After cooling u, 
ambren, remperarure me mixrure was .reared as described in Example 3 ,„ give 4K4.br.mo-2 
fluo ro ,„il h ,„)^ m „ hoIJ ,. 7 ^. lnelhMvethoiy)c . iinol . >e ^ ^ ^ 

10 44%). 8> 
m.p. 278-28 1°C 

'H NMR Specrnun: (DMSOd.; CF.COOD) 3 J*. 3H); 3.850. 2H); 4.1 (s. 3H); 4.4,, 7 H) - 
7.45(s, IH): 7.65(dd, IH); 7.65(s. 1H) ; 7.9(d. IH); 8.1(s. ,H); 8.35(s. IH) 
MS - ESI: 422 [MHf 

15 Elemental analysis: Found C 47.3 H 4.1 N 89 

C„H l7 NABrF 1HC1 Requires C 47.1 H 4.0 N 9.2% 

Example 6 

A solution of 7-benzyloxy-4-chloro-6-methoxyc-;nnoline hydrochloride (3 4g 
20 , 0mm ol) and 4-chioro-2-fluoro-5-hydroxyaniline, (prepared as described in EP 06174.' A2) 
(1.84g, 1 ,mmol) in DMF (42ml) was heated at ,30°C for 20 minute, The resultine solid was 
filtered off. washed with isopropanol. ether and dried under vacuum to give 7-be„^loxy-4- 

(4^.oro-2-fl U oro-5-hydroxya„i.i„o)-6- m ethoxyci„„o.i„e as the hydrochloride salt (yellow 
solid. 3.5g, 75%). y 

25 m.p. 280-284°C 

'H NMR Spectrum: (DMSOdJ 4.05(s, 3H); 5.4(s, 2H); 7.2(d, IH); 7.4-7.5(m, 3H)- 7 5- 
7.55(m ; 3H);7.68(d, IH); 8.2(s. IH); 8.35(s, IH) 
MS - ESI: 426 

Elemental analysis: Found C 57.4 H 4.2 N95 

30 C :; H 17 NACJF 1HC1 Requires C 57.2 H 3.9 N 9.1% 
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The starting material. 7-benzyloxy-4-chloro-6-methoxycinno]ine hydrochloride, was 
obtained by heating a solution of 7-benzyloxy-4-hydroxy-6-methoxycinnoline ( 1 1 g, 39mmol) 
in thionyl chloride (180ml) containing DMF (1ml) at reflux for 1 hour. After cooling, excess 
thionyl chloride was removed by evaporation and azeotroped with toluene. The residue was 
5 triturated with ether, filtered off. washed with ether and dried under vacuum to give 7- 

benzyloxy-4-chloro-6-methoxycinnoline hydrochloride as a cream solid (13.6g, quantitative). 

The starting material 7-benzyloxy-4-hydroxy-6-methoxycinnoline was obtained by 
dropwise addition of a solution of sodium nitrite (4.9g. 0.072mol) in water ( 1 0ml) to a 
solution of 2-amino-4-benzyloxy-5-methoxyacetophenone ( 1 6.3g 0.06mol) in acetic acid 
10 (250ml) and 70% sulphuric acid (7.3ml). After stirring for 30 minutes, triethyiamine (25ml) 
was added and stirring was continued for 6 hours. After adjusting to pH3.2 with 2M aqueous 
sodium hydroxide solution, the solid was filtered off. washed with water, ether and dried 

under vacuum to give 7-benzyloxy-4-hydroxy-6-methoxycinnoline ( 1 2.76g, 75%) as a brown 
solid. 

15 m.p. 262-264°C 

The starting material 2-amino-4-benzyloxy-5-methoxyacetophenone was obtained 
by adding powdered iron (520mg, 9.3mmol) to a solution of 2-nitro-4-benzyloxy-5- 
methoxyacetophenone (lg, 3.3mmoI) in acetic acid (5ml) heated at 100°C. After 30 minutes, 
the reaction mixture was cooled to ambient temperature and diluted with water. After 
20 extraction with ethyl acetate the organic layer was washed with water, brine, dried (MgS0 4 ) 
and the solvent evaporated. The residue was purified by flash chromatography using 
petroleum ether/ethyl acetate (3/1 ) as eluent to give 2-amino-4-benzyloxy-5- 
methoxyacetophenone (629mg, 70%) as a yellow solid. 
m.p. 139-14 PC 

25 The starting material 2-nitro-4-benzyloxy-5- m ethoxyacetophenone was obtained by, 

addition of a suspension of tin(IV)chloride (15.8ml. 0.13mol) and 69.5% nitric acid (9.1ml. 

0.2mol) in methylene chloride (1 1 0ml), dropwise over a period of 20 minutes, to a solution of 

4-benzyloxy-3-methoxyacetophenone (28.9g, 0. 1 lmol) in methylene chloride (400ml) cooled 
at -35°C. 

30 After stirring for 20 minutes at -25°C. the mixture was warmed to ambient 

temperature and poured onto ice/water ( 1 litre). After extraction with methylene chloride the 
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organic layer was washed with brine, dried (MgS0 4 ) and the solvent evaporated. The residue 
was purified by flash chromatography using petroleum ether/ethyl acetate (7/3) as eluent to 
g.ve 2-mtro-4-ben 2 yloxy-5-methoxyacetophenone (27g, 76%) as a yellow solid 
m.p. 134-136°C 

5 The starting material. 4-benzyloxy-3-methoxyacetophenone. was obtained by 

heaung a solution of 4-hydroxy-3-methoxyacetophenone (20g, 0. ,2mol), benzyl bromide 
( 15.7ml. 0.13mol) and potassium carbonate (49.8g, 0.36mol) in DMF (400ml) at 40°C 
overnight. After cooling, the mixture was diluted with water, acidified to approximately pH3 
and extracted with ethyl acetate. The organic layer was washed with brine, dried (MgSO ) 
10 andthe solvent evaporated. The residue was purified by flash chromatography using 
petroleum ether/ethyl acetate (8/2 followed by 65/35) as eluent to give 4-benzyloxv-3- 
methoxyacetophenone (30.3g, 99%). 
m.p. 86-88°C 



15 Example 7 

Acetic anhydride (920ui, QJmmol) and 4-dimethylaminopyridine (80mg 
0.65mmol) were added to a suspension of 7-ben2yloxy-K4-chloro.2-fluoro.5- 
hydroxyanilino)-6-me»hoxycinnoline (3g, 6.5mmol), (prepared as described in Example 6) in 
pyridine (50ml). After heating at , 10»C for 25 minute, the solid was filtered off. washed ' 
20 wth water and ether and dried under vacuum. The solid was suspended in 2M etherea. 

hydrogen chloride and the volatiles removed by evaporation to give 4-(5- aC etoxy^chloro-2- 

fluoroa„i.i„o)-7-benzyloxy^ m ethoxycinnoline as the hydrochloride salt (yellow solid 
3.1g,94%). 

m.p. 240-247°C 

25 <H NMR Spectrum: (DMSOd 6 ) 2.35(s, 3H); 4.05(s, 3H); 5.4(s, 2H); 7.35-7.5(m. 3H) 7 55(s 
1H); 7.55(d, 1H); 7.6(, 1H); 7.7(d. 1H); 7.95(d, 1H); 8.25(s, 1H); 8.4(s, 1H) 
MS - ESI: 468 [Mr!]* 

Elemental analysis: Found C 56.8 H 4.2 N 82 

C 24 H )9 NAC1F 1HC1 Requires C 57.2 H 4.0 N g.W 



30 



WO 97/34876 PCT/GB 97/00650 

-57- 

Example 8 

A solution of 4-chIoro-6-methoxy-7-(2-methoxyethoxy)cinnoline (0.2g. 0.74mmoi). 
(prepared as described for the starting material in Example 2), and 4-chloro-2-fluoro-5- 
hydroxyaniline (132mg, 0.82mmol), (prepared as described in EP 061741 A2). in DMF 
5 (2.5ml) was heated at 140X for 45 minutes. The work up procedure was as described in 
Example 6 and gave 4-(4-chloro-2-nuoro-5-hydroxyanilino)-6-methoxy-7-(2- 
methoxyethoxy)cinnoline as the hydrochloride salt (yellow solid. 157mg. 49%). 
m.p. 296-299°C 

'H NMR Spectrum: (DMSOd,; CF,COOD) 3.4(s, 3H); 3.85(t. 2H); 4.1(s. 3H); 4.4(t. 2H); 
10 7.2(d, IH); 7.45(s, 1H); 7.65(d. 1H); 8.05(s, 1H); 8.35(d, 1H) 
MS - ESI: 394 [MH]* 

Elemental analysis: Found C 50.1 H 4.4 N 9.8 

C,,H 17 N,0 4 C1F 1HC1 Requires C 50.3 H 4.2 N 9.8% 

15 Example 9 

A solution of 4-chloro-6-methoxy-7-(2-methoxyethoxy)cinnoline (O.lg. 0.37mmol), 
(prepared as described for the starting material in Example 2), and 4-bromo-2-fluoro-5- 
hydroxyaniline (84mg, 0.4mmol), (prepared as described in EP 061 741 A2). in DMF (2ml) 
was heated at 140°C for 1 hour. The work up procedure was as described in Example 6 for 
20 the production of the final compound and gave in this example 4-(4-bromo-2-fluoro-5- 

hydrox ya niIino)-6-methoxy-7-(2-methoxyethoxy)cinnoline as the hydrochloride salt 
(yellow solid. 127mg, 72%). 

m.p. 288-289°C 

'H NMR Spectrum: (DMSOd,; CF,COOD) 3.4(s, 3H); 3.85(t, 2H); 4.1(s, 3H); 4.4(t. 2H); 
25 7.2(d, 1H); 7.45(s, IH); 7.75(d ; 1H); 8.1(s, 1H); 8.35(s, 1H) 
MS - ESI: 438 [MH]* 

Elemental analysis: Found C 45.8 H 4.0 N 8.9 

C l8 H l7 NABrF 1HC1 Requires C 45.5 H 3.8 N 8.9% 
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Example 10 

(0 , 7. 0 «"T" ° f ^ 1 °^ m ^- 7 ^ d *^ ta noiU K hydrochloride 
O.I7g 0 «„,„,„,) and ^hloro-.-flno^yd.xyaniline (102m8 . 0 . 63mmo]) 
descnbed in EP 061741 A2) , in 2 . praIanl>| ( , 5mJ) WB ^ . ^ ^J^ - 
coo,,„ g , is , was add£d ^ so)jd fomed ^ fltered ^ ^ ^ 

her and ned ^ vacuun, t0 give 444^. n^^^^. 

m.p. 243-25 1°C * 
'H NMR Spectnam: (DMSOdJ 4.12(s, 3H); 5.7(s, 2H); 7.25(d, 1H); 7 55(s 1H)- 7 7rd ,H. 
- -™.3 ( , ,H ): M ( s. ,H); S. 9(d .2H); ,0.S5 (brs , IH ); U SSfirs T 
MS - ESI: 427 [MH]* 

Element analysis: Found c ^ ^ n 

C I ,H,.N.O ! CIF 1 3H ! 0,.6 5 HCI Reoui res C 49.4 H 4.0 N „. 0% 

> 3 TTe ssartng naa^riai, 4-ch l oro.6.n,c ttl „x y .7. ( 4-p yri d y lme,hox y>: i m ,o| i na 

hydrocMoride. was ob,ai„ed b y adding 4.h,oro-7.hydr„xy Wutoxycinnohn* 
0.9 5m m„l,,fo 1 |„„ edby 4. hydroxyraed , ylpyndjne(I08m ^ lmmoJ)and ( p _ 

(a.od.crbonyDdipipcridine (647tng. 2.5nnnol), in portions, ,„ a solution of t ri(„. 
bu.yllphosphine (640P1. 2 .5nunol) in methylene chlorine (6m,, After aWng for , „ 
-0 amb,e„, temper. . ^ of ?M ^ ^ ^ 

was added. The resuming so.id was filttred off, washed with methylene ch,„ri d e and etherto 
g.ve ^hion.-o.me.hoxy-^-p^lmeU.ox^innaline hydrochloride as a solid (,96n,g, 

™ e ^™^,4^7-hydroxy^^^^ 
hearing a solution of 7-ben 2y ,ox y ^-eh l o n ,6.med,„x y ci ra ,oli„e hydrochloride (3 06g ' 
9mmo,,, (prepared as describe, for the srarring materia, in Example 6), in TFA (30m» , 
reflux for S hour, After evapotation of the solvent. fc residue was h ^ 

adjusted ,o P H7 with saturated aoueous sodium hydrogen carbonate solurion. The resulting 

solid was filtered off, washed with water and ether and dri«t 

ier ana etner and dried tinder vacuum to give 4-chloro- 

■>u ^-hydroxy-o-melhoxycinnolineasayellowsolidd 78g 94%) 
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Example 11 

A suspension of 4-chloro-6-methoxy-7-(2-methoxyethoxy)cinnoline (0.2g. 
0.74mmol), (prepared as described for the starting material in Example 2), and 2-fluoro-5- 
hydroxy-4-methylaniline (126mg 0.89mmol) in 2-pentanol (2.5ml) was heated at reflux for 
5 7.5 hours. After cooling, isopropanol was added and the solid was filtered off. washed with 
isopropanol and ether, and dried under vacuum to give 4-(2-fluoro-5-hydroxy-4- 

methylanilino)-6-meHioxy-7-(2-methoxyethoxy)cinnoline as the hydrochloride salt (yellow 
solid 196mg,64%). 

m.p. 283-290°C 

10 'H NMR Spectrum: (DMSOd,) 2.2(s, 3H); 3.4(s. 3H); 3.8(t, 2H); 4.1(s. 3H); 4.35(1. 2H); 
6.95(d, 1 H); 7.25(d. 1 H): 7.45(s. 1 H); 8.2(s, 1 H); 8.22(s, 1 H); 9.95(s. 1 H); 1 1 .2(br s. 1 H) 
MS - ESI: 374 [MH]* 

Elemental analysis: Found C 55.5 H 5.5 N 10.0 

C l9 H 20 N 3 O 4 F0.1H : O 1HC1 Requires C 55.4 H 5.2 N10.2% 

15 

The starting material. 2-fluoro-5-hydroxy-4-methylaniline was obtained as follows: 
Methyl chloroformate (6.8mh 88mmol) was added over 30 minutes to a solution of 
4-fluoro-2-methylphenol (lOg, 79mmol) in 6% aqueous sodium hydroxide solution at 0°C. 
The mixture was stirred for 2 hours, then extracted with ethyl acetate ( 1 00ml). The ethyl 
20 acetate extract was washed with water ( 1 00ml) and dried (MgSO,) and the solvent removed 
by evaporation to give 4-fluoro-2-methylphenyl methyl carbonate (1 1 .4g. 78%) as an oil. 
'H NMR Spectrum: (DMSOd 6 ) 2.14(s. 3H), 3.81(s. 3H); 7.05(m. 1H); 7.1-7.5(m. 2H) 

A mixture of concentrated nitric acid (6ml) and concentrated sulphuric acid (6ml) 
was added slowly to a solution of 4-fluoro-2-methylphenyl methyl carbonate (1 1.34g, 
25 62mmol) in concentrated sulphuric acid (6ml) such that the temperature of the reaction 

mixture was kept below 50°C. The mixture was stirred for 2 hours, then ice/water was added 
and the precipitated product collected by filtration. The crude product was purified by 
chromatography on silica eluting with methylene chloride/hexane progressing through 
increasingly polar mixtures to methanol/methylene chloride (1/19) to give 4-fluoro-2-methyl- 
30 5-nitrophenol (2.5g. 22%) as a solid. 

'HNMR Spectrum: (DMSOd 6 ; CD 3 COOD) 2.31(s, 3H): 7.38(d. 1H); 7.58(d. 1H) 
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MS: 171 [MHT 

A mixture of ^uoro-^,.^^ (2 |g> 
« and .ron ( „,s u , phaK (1 , g> 10mmol) jn waKr (4Cm]) ws heaKd m ^ 

5 h r r T ac,ion mix, " re wk a "° wed ,o — «- sod™ 

dned MgSO., and rhe soiven, retnoved by evaporalion „ 2 .„ 

merhylantline (0.8g. 47%) as a solid y°roxy-4 

10 

Examp le I? 

, 8 3.„a 0^^'°^*^ 

«°*«--0 - ^oro^floosc^oyoroxyaaiitae « 2mg , „. 2ommol) , (prepared „ 
.20 C for2 . 5hour , ^woHr,^^^^^ 

: ^ ' ' ^^•n-«ro-S.oy dr „sya„i, iDoH . melho „. 7 , 3 . 
m.p.2l8-225°C 

4.4(t.-H), 7.2(d. 1H); 7.45(s. 1H); 7.6(d, 1H); 8.1(s. 1H): 8.35(s 1H) 
MS - ESI: 463 [MH]* 

Bementa, analysis: Fomd c %| . H 

C a H !<N) O.C,F2H ! 0 1 .,„C, c ^ „ „ 

25 The staning material 4-chloro-6-methoxv 7 n m ,w. i- 

M as descnoed ,„ US Pa.cn, No. <004 M 7>, ,o a station of ^7-hydroxvl 
mchoxycnnohne (0.2 g , O., 5mmol) , (prepared . ^ fer fc • 
Exanp,. ,0), i„ DMF ( 5ml , co„u,'„i ng po— «». carbonate <3 2 7m 8 , 2 . 3mm0 „ and 

ZT.rr 5 ? oo95mmo,) - Ate ^ - so ' c for 2 — 

<«m g , 0.47mmo,> and more l.hloroO-tnorpnoiinopropane ,05 mg , „. 47mmo „ _ added 
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After stirring for 4 hours at 80°C. the reaction mixture was cooled and 7M hydrogen chloride 
in isopropanol (407ul) was added. The solution was poured onto a Diaion (trade mark of 
Mitsubishi) HP20SS column, using water/methanol (100/0 to 0/100 as a gradient) to give 4- 

chloro-6- l methoxy-7-(3-morpholinopropoxy)cinnoline as an hydrochloride salt (175mg, 
5 44%). 

Example 13 

A solution of 4-chloro-6-methoxy-7-(3-pyrrolidinopropoxy)cinnoline hydrochloride 
(O.lg, 0.25mmol) and 4-chloro-2-fluoro-5-hydroxyaniline (57mg, 0.35mmol), (prepared as 
1 0 described in EP 06 1 74 1 A2), in 2-pentanol (5ml) was heated at 1 20°C for 2.5 hours. The 
solid was filtered off, washed with isopropanol and then ether and dried under vacuum to give 
4-(4-chloro-2-fluoro-5-hydroxyanilino^ 
the hydrochloride salt (yellow solid, 94mg, 72%). 
m.p. 240-245°C 

15 'H NMR Spectrum: (DMSOd 6 ; CF,COOD) 1.9(m. 2H); 2.1(m, 2H); 2.3(m. 2H); 3.1(m. 2H); 
3.35(m, 2H); 3.65(m. 2H); 4.i(s. 3H); 4.4(t, 2H); 7.2(d. 1H); 7.45(s. 1H); 7.65(d. 1H): 8.15(s. 
lH);8.35(s. 1H) 
MS - ESI: 447 [MH]* 

Elemental analysis: Found C 49.9 H 5.2 N 10.5 

20 C,,H, 4 NAC1F0.5H,0 1.95HC1 Requires C 50.1 H 5.2 N 10.6% 

The starting material, 4-chloro-6-methoxy-7-(3-pyrrolidinopropoxy)cinnoline 
hydrochloride was obtained by adding 4-chloro-7-hydroxy-6-methoxycinnoline (0.3g. 
1 .4mmol), (prepared as described for the starting material in Example 1 0), to a solution of 3- 
25 pyrrolidinopropyl chloride (275mg, 1.5mmol), (prepared as described in J. Amer. Chem. Soc. 
1955. 77. 2272), in DMF (5ml) containing potassium carbonate (491 mg, 3.5mmol) and 
potassium iodide (24mg s 0. 1 4mmol). After stirring at 80°C for 3 hours potassium carbonate 
(98mg, 0.7mmol) and 3-pyrrolidinopropyi chloride (137mg, 0.7mmol) were added. After 30 
minutes, the mixture was cooled and 7M hydrogen chloride in isopropanol (407 M I) was added. 
30 The solution was poured onto a Diaion (trade mark of Mitsubishi) HP20SS TM column 
eluting with water/methanol (100/0 to 0/100 as a gradient). After evaporation of the solvent. 
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the product was purified by preparative HPLC using a reverse phase CI 8 column eiuting with 
water/methanol (100/0 to 80/20 as a gradient) to give after concentration, 4-chloro-6- 
methoxy-7-(3-pyrrolidinopropoxy)cinnoline hydrochloride (265mg, 48%) as a yellow solid. 

5 Example 14 

A suspension of 4-chloro-7-methoxycinnoline hydrochloride (196mg, 0.85mmol) 
and 3-hydroxy-4-methylaniline (123mg, Immol) in 2- P entanol (5ml) was heated at reflux for 
2 hours. After cooling, the solid was filtered off, washed with isopropanol. ether and dried 
under vacuum to give 4-(3-hydrox y ^me t hyl. n ili„o).7. n ,ethoxyci„ n oli n e as the 
10 hydrochloride salt (yellow solid, 215mg,80%). 
m.p. 270-275°C 

'H NMR Spectrum: (DMSOdJ 2.18(s. 3H); 4.0(s. 3H); 6.88(d, 1H); 6.93(s, IH); 7.25(d, IH)- 
7.35(s, IH); 7.52(dd, IH); 8.4(s, IH); 8.75(d, IH); 9.98(s, IH); U.65(brs, IH) 
MS -ESI: 281 [MH]* 

15 Elemental analysis: Found c 5Q ? H ^ ^ ^ 

C 16 H 15 N 3 O 2 0.14H 2 OlHCl R cqviies c 60.0 H 5.1 N 13.1% 

The starting material 4-chloro-7-methoxycinnoline hydrochloride was obtained by 
heating a solution of 4-hydroxy-7-methoxycinnoline (352mg,2mmol), (prepared as described 
20 m J. Chem. Soc. 1955. 21 00), in thionyl chloride (3.5ml) containing DMF (20ul) at reflux, for 
1 hour. After removing excess thionyl chloride by evaporation and azeotroping with toluene 
The residue was triturated with ether, filtered off and washed with ether to give 4-chloro-7- 
methoxycinnoline hydrochloride as a yellow solid (450mg, 97%). 

25 Example 15 

A solution of 4-chloro-6-methoxy-7-(3-morpholinopropoxy)cinnoline hydrochloride 
(132mg, 0.33mmol), (prepared as described for the starting material in Example 12), and 2- 
fluoro-5-hydroxy-4-methylaniline (56mg, 0.39mmol) ( (prepared as described for the starting 
material in Example 1 1 ), in 2-pentanol (2.5ml) containing 7M hydrogen chloride in 
30 isopropanol (9drops) was heated at reflux for 30 minutes. After cooling, the solid was filtered 
off. washed with isopropanol, ether and dried under vacuum to give 4-(2-fluoro-5-hvdroxy-4- 
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mcthylanilino)-6-methoxy-7-(3-morphoIinopr poxy)cinnoline as an hydrochloride salt 
(yellow solid, 143mg, 84%). 

'H NMR Spectrum: (DMSOd,; CD 3 COOD) 2.2(s, 3H); 2.35(m, 2H); 3.3(m, 6H); 3.9(br s, 
4H); 4.0(5, 3H); 4.35(t, 2H); 6.95(d, 1H); 7.15(d, 1H); 7.35(s, 1H); 8.l(s, 1H); 8.2(s, 1H) 
5 MS - ESI 443 [MH]- 

Elemental analysis: Found C 53.0 H 6.0 N 10.2 

C^NAFO-SHjOZSHCI Requires C 53.6 H 6.0 N 10.6% 

0.2 isopropanol 

10 Example 16 

A solution of 4-chJoro-6-methoxy-7-(3-pyrrolidinopropoxy)cinnoline hydrochloride 
(158mg, 0.4mmol),(prepared as described for the starting material in Example 13), and 2- 
fluoro-5-hydroxy-4-methylaniline (67mg, 0.48mmol), (prepared as described for the starting 
material in Example 1 1), in 2-pentanol (5ml) was heated at reflux for 1 hour. After cooling, 
1 5 the solid was filtered off, washed with isopropanol, ether and dried under vacuum to give 4- 

(2-nuoro-5-hydroxy^t-methyIanilino)-6-niethoxy-7-(3-pyrrolidinopropoxy)cinnolineas 

the hydrochloride salt (yellow solid, 55mg, 27%). 

m.p. 247-253°C 

'H NMR Spectrum: (DMSOd t ; CD 3 COOD) 2.05(m. 4H); 2.25(s, 3H); 2.35(m, 2H); 3.25- 
20 3.5(br s, 6H); 4.05(s, 3H); 4.4(br s, 2H); 7.0(d, 1H); 7.22(d, 1H); 7.45(s, 1H); 8.15(s, 1H); 
8.25(s, 1H) 
MS - ESI: 427 [MHJ* 

Elemental analysis: Found C 53.6 H 6.1 N 10.4 

CjjH^OjF 1H 2 0 1.95HC1 Requires C 53.6 H 6.1 N 10.9% 

25 

Example 17 

Asuspensionof4-chloro-6^memoxy-7-[(2-methylthiazol-4-yl)methoxy]cinnoline 
(150mg, 0.46mmol) and 2-fluoro-5-hydroxy-4-methylaniline (78mg, 0.56mmol), (prepared as 
described for the starting material in Example 1 1), in 2-pentanol (3ml) and a 5M solution of 
30 hydrogen chloride in isopropanol (1 05ul) was heated at reflux for 90 minutes. The solid 
obtained was filtered off, washed with isopropanol followed by ether to give 4-(2-fluor -5- 
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hydroxv-4-methylannin H^-methoxy-T-KZ-methylth^ l^-yDmethoxyJcinnoIine 

hydrochlonde as a pale yellow solid (1 90mg. 82%). 

'H NMR Spectrum: (DMSOd.) 2.19.S. 3H); 2.6*,, 3H): 4.03(s. 3H); 5.391s. 2H): 6 98(d 
IH); 7.24<d. >H); 7.«fc .H>; 7.7«< s . ,H): 8 .!«(4 ,H); «.27(s. ,H); 10.0(br , ,H): M 32,s 
5 1H) 

MS - ESI m/z: 427 [MH]* 

Elemental analysis: Found c 5Q ? H ^ 

C 21 H I9 N 4 O 3 SF0.5H I O1.65HCl Requires C 50.9 H 4.4 N 11.3'/, 



10 



The startmg material 4-chloro-6-methox y -7-[(2-meth y lthiazol-4-yl)methox y ]cinnoline 
was obtained by adding potassium carbonate (786mg, 5.7mmol) followed by 4-chloromethvl- 
2-methy.thiazole (308mg, 2mmol) to a suspension of 4-ch.oro-7-h y droxy.6-methoxvcinnoHne 
(0.4g, 1.9mmol), (prepared as described for the starting material in Example 10), in DMF 
(10ml). After stirring for 4.5 hours at 60°C. the reaction mixture was diluted with water and 
1 5 acidified to pH4 with 2M hydrochloric acid. After extraction with ethyl acetate, the organic 
layer was washed with water and then brine, dried (M g S0 4 ) and the solvent evaporated The 
residue was purified by flash chromatography using methylene chloride/ethyl acetate (2/8) as 

eluent to give ^hloro-^methoxy^-^-methylthiazo.-l-yl^ethoxyJcinnoline as a solid 
(293mg, 48%). 

20 

Example 18 

A suspension °^ 4 " c h' oro -6-me'mox y -7-[(l -methylimidazol-2-yl)methoxy]cinnoline 
(109mg, 0.35mmol) and 2-fluoro-5-hydroxy-4-methylani,ine (70mg, 0.5mmol), (prepared as 
descnbed for the starting material in Example 1 . ), in 2-pentanol (3ml), DMF (0.5ml) and a 
25 5M solution of hydrogen chloride in isopropano. (74m, 0.35mmol) was heated at reflux for 3 
hours. The solution was then cooled to 0°C and the resulting solid filtered off and washed 
with ether to give 4-(2-fl U oro-5-hydroxy-4-methylanilino)-6-me t hoxy-7-[(l- 
methylimidazol-2-yl) me thoxy|ci„noIine hydrochloride as a yellow solid (124m* 73%) 
m.p. 21 5-22 1°C 
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'H NMR Spectrum: (DMSOdJ 2.2(s. 3H); 3.9(s. 3H); 4.05(s. 3H); 5.7(s. 2H): 6.99(4 1H); 
7.24(4 1H); 7.67(s. IH): 7.73(s. IH); 7.77(s, 1H); 8.20(4 1H); 8.39(s. 1H): 9.96(s. IH)- 
I1.5(s. IH) 

MS-ESIm/z:410[MHJ* 
5 Elemental analysis: Found C 51.3 H 4.9 N 13 7 

C:,H 20 N 5 O 3 F0.9H,O1.8HCl Requires C 51.3 H 4.8 N , 4 . 3 . /o 

The starting material. 4-chloro-6-methoxy-7-[(l-methylimidazol-2-yl)methoxv)- 
cinnoline was obtained by adding potassium carbonate (53 ling, 3.8mmol) followed by ' 
10 2-chloromethyl-l-methylimidazole (232mg, 1.4mmol) to a suspension of 4-chloro-7-hydroxv 
6-methoxycinnoline (270mg, 1.28mmol). (prepared as described for the starting materia. i„ ' 
Example 10), in DMF (6ml). After stirring overnight at 40°C the mixture was diluted with 
water and adjusted to pH7. After extraction with ethyl acetate, the organic laver was washed 
wtth water and then brine, dried (MgS0 4 ) and the solvent evaporated. The residue was 
15 purified by flash chromatography using methylene chloride/methanol (98/2) as eluent to give 
^chloro-e-methoxy-y-Kl-methylimidazoW-yDmethoxyJcinnoline (1 1 Img, 29%). 

Example 19 

A solution of 4-chloro-6-methoxy-7-(4- P yridylmethoxy)cinnoline hvdrochloride 
20 (268mg. 0.71mmol), (prepared as described for the starting material in Example 10) and 
fluotoo-.hydroxy-4-methvlaniline, ( 109mg, 0.77mmol), (prepared as described for the startine 
material in Example 1 1). i„ 2-pentanol (6ml) was heated at reflux for 4 hours. After dilution " 
w,th isopropanol. the solid was filtered off washed with isopropanol followed by ether to aive 

4H2-fluoro.5.hydroxy^ m ethv.a n ili„oH.methoxy.7^.pyrid y , m e t hoxy)ei„„„,i„ e 

25 hydrochloride (92mg, 29%). 

m.p. 244-252°C 

'H NMR Spectrum: (DMS04; CD } COOD) 2.2(s, 3H): 4.1(s. 3H); 5.68(s. 2H)- 7 0(s IH)- 
7.25(d. IH): 7.5(s, IH); 7.9(s. 2H): 8.25(d. 2H); 8.85(s. 2H) 
MS - ESI m/z: 407 [MH]* 
30 Elemental analysis: Found C 58.0 H 4.8 N 12 3 

C.H.NAFO^OUHCI Re quir e S C 58.2 H 4.6 n 12.4% 
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Example 20 

A solution of 4-(5-ben Z yJoxy-2-f]uoro-4-methylphenoxy)-6-methoxy-7.(2- 
methoxyethoxyjcinnohne (242mg, O.Smmol) in a mixture of methanol (9ml) and DMF 
5 (10.5ml) containing 10% palladium-on-charcoal catalyst (IOOmg) was stirred under hvdroeen 
at 5 atmospheres pressure for 9 hours. The catalyst was removed by filtration and the'solvent 
was evaporated. The residue was washed with methanol and ether and dried under vacuum to 
g ive4 -<2-fl»oro-5-hyd^ 
as a white solid (87mg, 44%). 
10 m.p. 267-273°C 

'H NMR Spectrum: (DMSOd s ; CD 3 COOD) 2.18(s, 3H); 3.37(s, 3H); 3.80(t. 2H); 4.04(s 3H)- 
4.39(t. 2H); 6.8(d. 1H); 7.2(d. 1H); 7.49(s, 1H); 7.79(s. 1H); 8.49(s, 1H) 
MS - ESI m/z: 375 [MH]* 

Elemental analysis: Found C 58.9 H 5.3 N 7.5 

15 C 19 H 19 N,O 5 F0.7H,O0.06DMF Requires C 58.9 H 5.4 N 7.4% 

The starting material, 4-(5-ben 2 yioxy.2-fluoro^-methylphenoxy)-6-methoxv-7-(2- 
m ethoxyethoxy)cinnoline was obtained by heating a solution of S-benzyloxy^-fluoro^- 
methylphenol (314mg, 1.3mmol) and 4-chloro-6-methoxy-7-(2-methoxyethoxy)cinnoline 
20 (280mg, Immol), (prepared as described for the starting material in Example 2), in pyridine 
(6ml), at reflux for 15 hours. After evaporation of the solvent, the residue was partitioned 
between ethyl acetate and water adjusted to pH7. The organic layer was separated, washed 
with water and then brine, dried (MgSOJ and the solvent evaporated. The residue was 
purified by flash chromatography using methylene chloride/ether (4/6 followed by 3/7) as 
25 eluent to give 4-(5-benzyloxy-2-fluoro-4-methylphenoxy>6-methoxy-7-(2- 
methoxyethoxy)cinnoline as a white solid (247mg, 53%). 

'H NMR Spectrum: (DMSOd 6 ) 2.27(s, 3H); 3.37(s, 3H); 3.8(t, 2H); 4.0(s, 3H); 4.4(t. 2H)- 
5.14(s, 2H); 7.26(d, 1H); 7.3-7.5(m. 6H); 7.5(s, 1H); 7.81(s, 1H); 8.44(s, 1H) 

The starting material 5-ben2yloxy-2-fluoro-4-methylphenol. was obtained bv adding 
30 a solution of sodium nitrite (1 .68g, 24mmol) in water (3.5ml), dropwise. to a solution of 5- ~ 
benzyloxy-^fluoro^-methylaniline (4.7g. 20mmol) in acetic acid (82ml) and 70% sulphuric 
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acid (3.15ml) cooled at 10°C. The mixture was stirred vigorously for 20 minutes, then a 
solution of copper(II)nitrate trihydrate (48 1 g, 2mol) in water (790ml) was added, followed by 
copper(II)oxide (3g, !9mmol). After stirring for 3 hours, the mixture was extracted with ethyl 
acetate. The organic layer was washed with water and then brine, dried (MgS0 4 ) and the 
5 solvent evaporated. The resulting oil was purified by flash chromatography using petroleum 
ether/ether (85/15) as eluent to give 5-benzyloxy-2-fluoro-4-methylphenol as an orange oil 
(I.25g,27%). 

The starting material, 5-benzyloxy-2-fluoro-4-methylaniIine. was obtained by 
adding iron powder (2.88g, 5 Immol), in portions, to a solution of 5-benzyloxy-2-fluoro-4- 
10 methylnitrobenzene (4.8g, 18mmol) in acetic acid (33ml) and water (5.7ml), at ambient 
temperature. The mixture was heated and after stirring at 1 00'C for 1 0 minutes, it was cooled 
and partitioned between ethyl acetate and water. The organic layer was washed with water, 
aqueous saturated sodium carbonate solution and then brine, dried (MgSOj and the solvent 
evaporated. The residue was purified by flash chromatography using petroleum ether/ethyl 
15 acetate (8/2) as eluent to give 5-tenzyloxy-2-fluoro-4-methylaniline (3.65g, 87%). 

The starting material 5-benzyloxy-2-fluoro-4-methylnitroben Z ene was obtained by 
adding benzyl bromide (3ml, 25mmol) to a solution of 2-fluoro-5-hydroxy-4- 
methylnitrobenzene (3.92mg, 23mmol) in DMF (70ml) containing potassium carbonate (9.5g. 
68mmol). After stirring for 3 hours at 60°C. the mixture was diluted with water and adjusted 
20 to P H2. After extraction with ethyl acetate, the organic layer was washed with water and then 
brine, dried (MgS0 4 ) and the solvent evaporated. The solid was filtered off. washed with 
hexane and dried under vacuum to give 5-benzyloxy-2-fluoro-4-methylnitrobenzene (4.83g, 



The starting material 2-fluoro-5-hydroxy-4-methylnitrobenzene. was obtained bv 
25 adding 2M aqueous sodium hydroxide solution (13.1ml), dropwise. to a solution of 2-fluoro- 
5-methoxycarbonyIoxy-4-methylnitrobenzene (6g, 26mmol), (prepared as described in 
European Patent Publication No. 307777), in methanol (70ml) cooled at 0°C. After stirrine 
for 30 minutes, the mixture was concentrated by evaporation. After dilution with water, the 
solution was adjusted to pH2 and extracted with ethyl acetate. The organic laver was washed 
30 with water and then brine, dried (MgSO,) and the solvent evaporated to g,ve 2-fluoro-5- 
hydroxy-4-methylnitrobenzene as a yellow solid (4g. 90%). 
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Example 21 

A ^"of^h 1 o ro .6.7^ m eU 1 „xvc™oli„ e h y d TC hlonde(26 lmg , lmmol) 
(prepay as described for lhe slmi „ 8 ^ in Example „ ^ M ' 

> -M. 0 70m 8 , , 2mraol , (prepared as describe, foe te sttriin. nrarerial in Exan* 
I ). ,n 2 „ (5ml) was „ cated „ , 20 „ c for 3 ^ After cooling ,be solid was ftlrL 
o ft. washed w„h .sopropano, Md ^ ^ ^ ^ ^ ^ ^ 

10 m^r; CD,C0 ° D) 3H): 4 05fe 3H); 4< "<* 3H >^ «™ 

1H): 7.24(d 1H); 7.39( S , IH); 8.08(s. IH); 8.22(d, IH) 
MS-ESIm/z:330[MH]- 

Etanenral analysis: Found c H ^ ^ ^ ( 

C„H,AO,F0.1H,O.HCI Rcoires C 55.6 H 4.7 fj 11.4% 

Examp le 22 

A solution of 4-chlo ro -6,7-<lir„etf 1 oxycira,oli„e hydrochloride (261 mg. Irnmol) 
prepared as described for ,he sunin 8 serial in Example „, and 4-ehloro.2-flooro.5- ' 
hydroxyaniline („3 mg , , 2mmo , ) , ( „ „ ^ £p _ 

mao.rs^Uar.o.hardescribedinExanrp^, in order to produce 4-(4-chloro-2-fluoro-5- 
hydroxy.„ i l i „.H,7-dtae,hoxycl„„„li ne as . hydrochloride sal. (3(5™ 82%) 
m.p. 255-256°C 

•H NMR Spec,™,: (DMSOd, CF.COOD, 4.05(s, 3H); 4.07(s, 3H); 7..9<d, ,H> 7 4(s IH) 
7.65(d, IH); 8.07(s, IH); 8.34(d, (H) 
25 MS - ES) m/z; 350 [MHJ' 

Elememal analysis: Found c 4 „ HJJ ^ 

CANACFIHCI Re,^ c 498 „ „ N 10.9% 

Examp le 23 

0.4. mm o„ and 2.n„oro. 5 . h ydroxy-4- m e,hy,ani„ne „„,n g . 0, mm „l, (prepared as descrjbed 
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for the starting material in Example 1 1 ), in 2-pentanol (3ml) containing 5M hydrogen chloride 
in isopropanol (2drops) was heated at reflux for 45 minutes. After cooling the solid was 
filtered off, washed with isopropanol followed by ether to give 4-(2-fluoro-5-hydroxy-4- 

methylanilino)-6-methoxy.7-I2-(2-methoxyethoxy)ethoxyjcinnoline as an hydrochloride 
5 salt(159mg,88%). 

m.p. 250-256°C 

'H NMR Spectrum: (DMSOd 6 ) 2.2I(s, 3H); 3.27(s ? 3H): 3.5I(dd. 2H); 3.66(dd. 2H); 3.90(t, 
2H); 4.06(s r 3H); 4.370. 2H); 6.98(d. 1H); 7.25(d. 1H); 7.46(s. 1H): 8.18(d. 1H); 8.23(s. 1H)- 
9.94(s. 1H); 11.2(8, IH) 
10 MS-ESIm/z:418[MH]* 

Elemental analysis: Found C 55.2 H 5.7 N 8.8 

C^NAFOmOlHCI Requires C 55.1 H 5.6 N 9.2% 

The starting compound 4-chloro-6-methoxy-7-[2-(2-methoxyethoxy)ethoxy]- 
1 5 cinnoline was obtained by adding triphenylphosphine (995mg, 3.8mmol), followed by 

diethyleneglycol (271ul, 2.2mmol) and diethyl azodicarboxylate (598 M L 3.8mmol). dropwise. 
to a suspension of 4-chloro-7-hydroxy-6.methoxycinnoline (0.4g, 1.9mmol), (prepared as 
described for the starting material in Example 10), in methylene chloride ( 1 2ml) under 
nitrogen and cooled to 1 0°C. After stirring for 1 hour, the solvent was evaporated and the 
20 residue purified by flash chromatography using methylene chloride/ethyl acetate (5/5 
followed by 4/6) as eluent to give 4-chloro-6-methoxy-7-[2-(2- 
methoxyethoxy)ethoxy]cinnoline (366mg, 91%). 

Example 24 

25 A solution of 4,6-dichlorocinnoline (200mg, Immol) and 2-fluoro-5-hydroxy-4- 

methylaniline (I69mg, 1 .2mmol), (prepared as described for the starting material in Example 
1 1), in 2-pentanol (4ml) containing 7M isopropanolic hydrogen chloride (2drops) was heated 
at reflux for 45 minutes. After cooling the solid was filtered off. washed with isopropanol 

followed by ether to give ^hloro-4-(2-fl U oro-5-hydroxy-4- m e t hy| a „ili„ o) cin„oline 
30 hydrochloride (326mg, 95%). 

'H NMR Spectrum: (DMS0d 6 ) 2.20(s. 3H): 6.98(d. 1H): 7.26(d. 1H): 8.18fs. 2H): 
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8-35(s, 1H); 9.1(s, 1H); 9.98(brs, 1H) 
MS - ESI: 304 [MH]* 

Elemental Analysis: Found CM4 H4() 

^ C„H ll N,OFC l 0.95HCI0. 1 H ! O Requires CJM ^ n ^ 

The starting material was prepared as follows: 
A ction of 4-hy^-o^ 
■828), ,„ thtony, chloride (,«,«,, DMF (0.1m., was beared a, reflux for 20 minutes 
To.uene was addedand the volatile, were removed by evaporation. The soiid was partriioned 
between «hv. acetate and water ^ ,he a q „eoos layer adjusted ,o p„7 with sodium hvdrogen 
carbonate. The organic .aver was washed with water and brine, dried (MgSO.) and the 
volatiles removed by evapomtion. The residue was purified by cohunn chtomatographv 
during with methylene chloride/Cher (95/5, to give ^chjorocinnoline < 8 04mg 73%, 
mp. IU-II3-C 6 ' '■ 

15 ' HN MRSpec,rnm: ( CDC l! )7. 8 5(dd. 1 H);8.l8(d.lH): 8 .52(d.,H);9.36(s IH, 
MS -EI: 199 (M J- 

Elemental Analysis: Found C48.5 H2.I N140 

WW, RequiKS C483 H2() ^^^^^ 

-0 Eramnlc 7t 

I50mg, 0, 6mmo,,. (prepared as described for the sttning materia, in Examp,e ,2, 4-chloro- 
--fluoroamhne (77mg, O.53mmo„ in 2-pe„,an„, (4ml, and 5M isopropanolic hydmgeo 
chlortdedmOwasheatedat^O-Cforlhour. T*e mixture was allowed to cool and 
-5 tsopropano, was added. The resulting precipitate was collected by fltaation, washed with 
ether and dried under vacuum to give ^-chioro-Z-nnoroaniBno)..;.....,,,,,,,,.,^. 
morpholinopropoxyjcinnoline hydrochloride (185mg 98%, 

r^rr (DMS<H) 2 - 3 " 2 - 4<m ' 2h,; 3 -'-" <m - my - ^ ^ 

2H),3.8-3.95(m.2H,: 3.95-4. „m. 2H); 4.08(s, 3H,; 4.38<t, 2H); 7.55<dd. ,H,-757(s IHV 
30 7.71ft IH); 7.80(dd. IH); 8.3„d. ,H, : 8.4,s. ,H) * 
MS-ES1:447(MH]- 
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Elemental Analysis: Found C 50.0 H 5.2 N 10.2 

C, : H, 4 NAFC1 1.95HC10.5H,O Requires C 50. 1 H5.1 N 10.6% 

Examnle 26 

5 A solution of 4-chloro.6-methoxy.7-(3-p y rrolidinopropoxy)cinnoline hydrochloride 

( 1 30mg, 0.32mmol), (prepared as described for the starting material in Example 1 3), and 4- 
chloro-2-fluoroaniline (70mg, 0.48mmol), in 2-pentanol (4ml) and 5M isopropanolic 
hydrogen chloride (1ml) was heated at 120°C for 2.5 hours. The solid was filtered off. 
washed with isopropanol and then ether and dried under vacuum to give 4-(4-chloro-2- 

10 fluoroanilino)-6-methoxy-7-(3-pyrrolidinopro P oxy)cinnoli n e hydrochloride ( 1 lOmg. 
66%). 

'H NMR Spectrum: (DMSOd,; CD,COOD) 1.9-2. l(m. 4H); 2.25-2.35(m. 2H): 3.0-3.3(br m, 
2H); 3.36(t. 2H); 3.4-3.7(m. 2H); 4.06(s. 3H); 4.38(t. 2H): 7.46(s. 1H); 7.55(d. 1H): 7.72(t. 
1H); 7.75(dd. lH);8.21(s. 1H); 8.33(s, 1H) 
15 MS -ESI: 431 [MH]- 

Elemental Analysis: Found c 5L2 H 5.4 N 10.3 

C 2I H ;4 NAFC1 1.9HC1 1.1H.O Requires C 50.8 H 5.4 N 10.8% 

Example 27 

20 A solution of 4-chIoro-7-(2-methoxyethoxy)cinnoline (1 56mg, 0.65mmol) and 2- 

fluoro-5-hydroxy-4-methylaniline (1 1 l mg . 0.78mmol), (prepared as described for the starting 
material in Example 1 1), in 2-pentanol (8ml) and 5M isopropanolic hydrogen chloride (1ml) 
was heated at ,20°C for 2.5 hours. The solid was filtered off. washed with isopropanol and 
then ether and dried under vacuum to give 4-(2-fluoro.5-hydroxy-4-methylanilino)-7.(2. 
25 methoxyethoxy)cinnoline hydrochloride (207mg, 84%). 

'H NMR Spectrum: (DMSOd 6 ) 2. 19(s, 3H); 3.4(s r 3H); 3.8(t, 2H); 4.4(t. 2H); 6.96(d. 1H); 
7.25(d, IH); 7.38(s ? 1H); 7.61(d ? 1H); 8.21(s ; 1H); 8.71(d. 1H); 9.94(s. 1H) 
MS - ESI: 344 [MH]* 

Elemental Analysis: Found C57 , H54 

30 C.H^NAF 0.l5H : O0.95HCI Requires C56.8 H5.1 N1I.0% 
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The staning material was prepared as follows: 

Diethyl azodicarboxylate (349ul. 2.2mmol) was added dropwise to a suspension of 
^chloro-T-hydroxycinnnoline (200mg, l.lmmol), triphenylphosphine (580mg. 2.2mmol) and 
2-methoxyethanol (!05ul. 1.3 m mol) in methylene chloride (6ml) cooled at 10°C. The 
5 mixture was stirred for 30 minutes and further triphenylphosphine (145mg), 2- 

methoxyethanoJ (20 M 1) and diethyl azodicarboxylate (88ul) were added. The mixture was 
then allowed to warm to ambient temperature and stirred for 30 minutes. The volatiles were 
removed by evaporation and the residue was purified by column chromatographv eluting with 
ethyl acetate/petroleum ether (7/3) and followed by column chromatography eluting with 
10 cyclohexane/ethyl acetate 35/65 to give 4-chloro-7-(2-methoxyethoxy)cinnoHne (I58mg 
60%). b ' 

'H NMR Spectrum: (CDCI 3 ) 3.5(s, 3H); 3.88(m, 2H); 4.36(m. 2H); 7.58(dd. 1H); 7.77(d 1H>- 
8.08(d. lH);9.2(s, 1H) " 

Aluminium trichloride (2.6g, 19mmol) was added in portions to a suspension of 4- 
15 chloro-7-methoxycinnoline (0.9g, 3.8mmol), (J. Chen, Soc. 1955, 2100). in benzene (15ml) 
and the mixture was heated at reflux for 1 hour. The solvent was removed by evaporation and 
the res.due was partitioned between ice/water and ethyl acetate. Aqueous saturated sodium 
chlonde solution was added and the organic layer was separated. The organic layer was 
washed with brine, dried (M g S0 4 ) and the solvent removed by evaporation. The residue was 
20 tnturated with ether, collected, filtered and dried under vacuum to give 4-chloro-7- 
hydroxycinnoline (368mg, 53%). 

'H NMR Spectrum: (DMSOd 6 ) 7.6(dd, 1H); 7.66(d. 1H); 8.1 l(d, 1H); 9.35(s. 1H) 
Example 28 

25 The following illustrate representative pharmaceutical dosage forms containing the 

compound of formula I. or a pharmaceutical^ acceptable salt thereof (hereafter compound X), 
for therapeutic or prophylactic use in humans: 
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(a) TabJetJ me/tablet 

Compound X jqo 

Lactose Ph.Eur j 32 75 

5 Croscarmellose sodium \ 2 q 

Maize starch paste (5% w/v paste) 2.25 

Magnesium stearate 3 0 

(b) Ia ^UI me/tablet 

10 Compound X 50 

Lactose Ph.Eur .. 223 75 

Croscarmellose sodium g 0 

Maize starch 15 Q 

Polyvinylpyrrolidone (5% w/v paste) 2.25 

5 Magnesium stearate 3 0 

(C) MeUII mg /tablet 

Compound X j Q 

Lactose Ph.Eur 93 25 

5 Croscarmellose sodium 4 0 

Maize starch paste (5% w/v paste) 0.75 

Magnesium stearate j q 

(d) me/caosale 
Compound X j 0 

Lactose Ph.Eur 488 5 

Magnesium stearate j 5 



(e) 

30 



Injection f 

Compound X 

IN Sodium hydroxide solution, 



(50mg/ml) 
5.0% w/v 
15.0% v/v 



) 
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0. IN Hydrochloric acid 
(to adjust pH to 7.6) 

Polyethylene glycol 400 4 5 o /o w/v 

Water for injection to 100% 

5 

(f) Injection H IQmgAnj) 

Compound X , 0 o /ow/v 

Sodium phosphate BP 3 6 o /o w/v 

0. IN Sodium hydroxide solution 15,0% v /v 

1 0 Water for injection to 1 00% 

(g) IniecnpniU (ImsM^IS^j^m 
Compound X Q l% w/y 

Sodium phosphate BP 2.26% w/v 

15 Citricacid 0.38%w/v 

Polyethylene glycol 400 3 5 o /o w/v 

Water for injection to 1 00% 

Note 

20 The above formulations may be obtained by conventional procedures well known 1 

the pharmaceutical art. The tablets (a)-(c) may be enteric coated by conventional means, for 
example to provide a coating of cellulose acetate phthalate. 
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CLAIMS 



1 . The use of a compound of the formula I: 




10 



(I) 



[wherein: 
Z represents -0-. -NH, -S- or -CH,-; 
m is an integer from 1 to 5; 

R' represents hydrogen, hydroxy, haJogeno. nitro. cyano. trifluoromethvl. C, 3 alkvl. C, 
15 3 alkoxy, C, 3 alkylthio or NR*R'(wherein R' and R\ which may be the same or different, 
each represents hydrogen or C,. 3 alkyl); 

^represents hydrogen, hydroxy, fluoro. chloro. methoxy, amino or nitro; 

R 3 represents hydroxy, halogeno, Chalky!, C,. 3 alkoxy, C,,alkanoyIoxy. trifluoromethvl, 

cyano. amino or nitro; 

20 R< represents hydrogen, hydroxy, haJogeno. cyano. nitro. amino, trifluoromethvl. C, ,alkvl or 
a group R J -X' (wherein X» represents -0-, -CH,-. -S, -SO-. -SO,, -NR'CO- -CONR'- - 
SO,NR'\ -NR"SO : - or -NR»- (wherein R», R>. R» r" and R « each independemlv 
represents hydrogen. C, 3 alkyl or C,. 3 alkoxyC,,alkyl) and R> is selected from one of the 
following fourteen groups: 
25 1) C,.,alkyl, C,. 5 hydroxyalkyl, C M fluoroalkyl, C, 5 aminoalkvl; 

2) C,,alky,X>COR" (wherein X' represents -O- or NR" (in which R« represents hydrogen 
C, 3 alkyl or C, 3 alkoxyC 2 ,alkyl) and R» represents C,,alkyl. NR I5 R" or OR" (wherein R» 
R" and R" which may be the same or different are each hydrogen. C,,alkyl or C M alkoxvC, 
3 alkyl), with the proviso that when X- is -O-. R ,J is not OR"); 
30 3) C,_ 5 alkylX 3 R" (wherein X 3 represents -0-. -S-. -SO-. -SO,-. -OCO- -NR"CO - 
CONR*-. -S0 2 NR", -NR"SO r or -NR 23 - (wherein R". R» R » R « and R , each 
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independently represents hydrogen. C,.,alkyl or C, 3 aikoxyC :o alkvl) and R« represents 
hydrogen. C,. 3 alkyi, cyclopentyl. cyclohexyl or a 5 or 6 membered saturated heterocyclic 
group with one or two heteroatoms, selected independently from O. S and N. which C, 
,alkyl group may bear one or two substituents selected from oxo. hydroxy, halogeno and 
5 C M alkoxy and which cyclic group may bear one or two substituents selected from oxo. 
hydroxy, halogeno. C M alkyK CMhydroxyalkyl and C M alkoxy); 

4) C^alkylX'C^alkylX'R" (wherein X 4 and X' which may be the same or different are 

T t' a 0 "' " S !/ ' " NR25C °"' " C ° NR26 "' " S ° 2NR27% " NRMSOr ° r - NR " (whercin 
R 25 . R 26 , R J \ R M and R 29 each independently represents hydrogen. C,. 3 alkyl or C,. 3 alkoxyC, 

10 ,alkyl) and R 24 represents hydrogen or C,. 3 alkyl); 

5) C NJ alkylR M (wherein R 3 * is a 5 or 6 membered saturated heterocyclic group with one or 
two heteroatoms. selected independently from 0. S and N. which heterocyclic group mav 
bear one or two substituents selected from oxo. hydroxy, halogeno. C,,aIkyJ. C, 
,hydroxyalkyj and C M alkoxy); 

15 6) C,. s alkeny 1R 30 (wherein R 30 is as defined herein); 

7) C,. 5 alkynylR 30 (wherein R 30 is as defined herein); 

8) (CH 2 ) 0 R 3 ' (wherein n is an integer from 0 to 5 and R 3 ' is a phenyl group, a pyridone 
group or a 5 or 6 membered aromatic heterocyclic group with 1 to 3 heteroatoms selected 
from O, N and S. which phenyl, pyridone or aromatic heterocyclic group may carry up to 5 

20 substituents selected from hydroxy, halogeno. C M alkyl. C M alkoxy, CMhydroxyalkyl. C, 
4 hydroxyalkoxy, carboxy, cyano. CONR 32 R 33 and NR 34 COR 35 (wherein R", R 33 . R 34 and 
R 3 \ which may be the same or different, each represents hydrogen, C M aIkyI or C, 
3 alkoxyC 2 . 3 alkyl); 

9) C 2 .,alkenylR 31 (wherein R 3 ' is as defined herein); 
25 1 0) C,. 5 alkynylR 3 ' (wherein R 3 ' is as defined herein); 

1 1) C,. 3 alkylX 6 R 3 ' (wherein X 6 represents -0-. -S-, -SO-, -SO,-, -NR 36 CO-. -CONR"-. - 
SO.,NR 3 \ -NR 3 'SO r or -NR 4 °- (wherein R» R» R» R» md R - each independently 
represents hydrogen. C, 3 alkyl or C, 3 alkoxyC. 3 alkyl) and R 3 ' is as defined herein); 

12) C. 3 alkenylX'R 3 ' (wherein X' represents -0-, -S-, -SO-, -SO,-. -NR 4l CO-, -CONR 42 - - 
30 S0 3 NR 4 \ -NR 44 SO : - or -NR 45 - (wherein R 41 . R 42 , R 43 . R 44 and R 45 each independently ' 

represents hydrogen. C„alkyl or C,,alkoxyC\,alkyi) and R 3 ' is as defined herein): 
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13) Cj.jalkynylX 8 ^' (wherein X 8 represents -<X -S-. -SO-. -SO,-. -NR 46 CO-. -CONR 4? - - 
S0 2 NR"-. -NR"SO : - or -NR»- (wherein R* R*\ R« R" and R» each independently 
represents hydrogen. C,.,alkyl or C lo alkoxyC : .,alkyl) and R 3 ' is as defined herein): 

14) C 1 . J alkylX , C,. 3 alky!R 31 (wherein X 9 represents -0-. -S-, -SO-. -SO,-. -NR 5, CO-. - 
5 CONR"-. -SO ; NR"-, -NR"SO : - or -NR 55 - (wherein R 3 \ R» r* r" and R» each 

independently represents hydrogen. C,,alkyl or C.^alkoxyC^alkyl) and R 3 ' is as defined 
herein))]; 

and salts thereof, in the manufacture of a medicament for use in the production of an 
antiangiogenic and/or vascular permeability reducing effect in a warm-blooded animal such 
10 as a human being. 

2. A compound of the formula I as defined in claim I with the proviso that where 
m is 1. R 3 is meta-hydroxy and with the further proviso that the compound of formula 1 is 

not 4-(2,6-dimethylphenoxy)-6.7-dimethoxycinnoline; and salts thereof for use as a 
1 5 medicament. 

3. A compound of the formula I as defined in claim 1 with the proviso that where 
m is 1, R 3 is meta-hydroxy and with the further proviso that the phenyl group bearing (R 3 ) m 
is not 3.4-dimethylphenyl and that when the phenyl group bearing (R\ is 2.5- 

20 dichlorophenyl, 3,5-dichlorophenyl. 2.3-dichlorophenyl. 2.4-dichlorophenyl. 3.4- 
dichlorophenyl, 2,6-dichlorophenyl. 2.6-dimethylphenyl, 2-bromo-4-chlorophenyi. 4- 
bromo-2-chlorophenyl. 2-bromo-4-methylphenyl, 2-chloro-4-methylphenyl. 2-chloro-4- 
hydroxyphenyl, 3-chlor6-4-hydroxyphenyl, 3.5-dichloro-4-hydroxyphenyl. 2.5-dichloro-4- 
hydroxyphenyl or 5-chloro-2-methylphenyl, Z is -NH-; and salts thereof. 

25 

4. A cinnoline derivative as claimed in claim 3 wherein R 2 is hydrogen. 



5. A cinnoline derivative as claimed in claim 3 or claim 4 wherein Z is 

-NH-. 
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6. A cinnoline derivative as claimed in any one of claims 3 to 5 wherein R< is 
methoxy. 



7. A cinnoline derivative as claimed in any one of claims 3 to 6 wherein the 

> Phenyl group bearing (R\ is 2-fluoro-5.hydroxy-4-methy,phenyi. 4.chloro.2-fluoro-5- 

methylphenyI,or 4-bromo-2-fiuoro-5.hydroxyphenyl group. 

8. A cinnoline derivative as claimed in any one of claims 3 to 7 wherein R< is 
1 0 hydroxy, halogeno, nitro, trifluoromethyl, C,. 3 alkyl, cyano, amino or a group R>-X' 

(wherein X' is as defined in claim 1 and R' is selected from one of the following fourteen 
groups: 

1) C M aIkyl, C^hydroxyalkyl, C M fluoroalkyl, C^aminoalkyl; 

2) C 2 . 3 a,ky.X>COR" (wherein X' is as defined in claim 1 and R« represents C, ja lkvl 

^alkyl or C,. 2 alkoxyethyl) with the proviso that when X* is -O-, R» i s not OR")- 

3) C^kyJX'R" (wherein X 3 is ^ defined daim I ^ R „ reprcsents C( ^ 

cyclopentyl, cyclohexyl, pyrrolidinyl and piperidinyl which group is linked to X' through a 
carbon atom and which C, 3 alkyl group may bear one or two substituents selected from 
20 oxo, hydroxy, halogeno and C„alkoxy and which cyclopentyl, cyclohexyl, pyrrolidine or 
p.pendmyl group may carry one substituent selected from oxo. hydroxy, halogeno, C, 
2 alkyl, C,_ 2 hydroxyalkyl and C,. 2 alkoxy); 

4) C, 3 alkyl^C, ja lk y lX^ (wherein X< and X' are as defined in claim 1 and R« 
represents hydrogen or C,. 3 alkyl); 
25 5, C M al kyl R» (wherein R» is a group steered flom pyIrolidinyli 

U-dioxoW-y,, U-dhhiolan-2-y. and l,3-di*ia„.2. yl , which group is 

hnked r„ C M alkyl rhrough a carbon arom and which group may carry one or rwo 
subsriruems selecred from oxo, hydroxy, halogeno. C,.,alxyl, C,.,hyd ro xvalkyl and C, 
ralkoxy, or C,.al k y,R«° (wherein R» is . ^ selecKd ^ raoIpho|jno 
.0 pyrohdin-l-yl, piperazin-l-yl a„ d piperidin0 which ^ may ^ ^ ^ ^ 
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substituents selected from oxo. hydroxy, halogeno. C,.,alkyl. C,. : hydroxyalky| and C,. 
,aIkoxy); 

6) C^alkenylR 61 (wherein R" represents R 5 ' or R 60 as defined herein); 

7) Cj^aikynylR 6 ' (wherein R" represents R w or R 60 as defined herein): 

5 8) (CH 2 )„R 3 ' (wherein n is an integer from 1 to 3 and R 5 ' is a pyridone group or a 5 or 6 
membered aromatic heterocyclic group with 1 to 2 heteroatoms selected from O. N and S. 
of which one is N which pyridone or aromatic heterocyclic group may be substituted with 
one substituent selected from halogeno. C,. 2 alkyl, C,. 2 alkoxy, C,. .hydroxy alkyl. C,. 
,hydroxyalkoxy, carboxy, cyano, CONR 3J R 3J and NR 34 COR 35 (wherein R 33 . R». R* and 
1 0 R", which may be the same or different, each represents hydrogen, C, , alkyl or C,. 
,alkoxyethyl)); 

9) l-R 3l but-2-en-4-yl (wherein R 31 is as defined herein); 

1 0) 1 -R 3, but-2-yn-4-yl (wherein R 3 ' is as defined herein); 

1 1) C|. 5 alkylX 4 R 31 (wherein X 6 is as defined in claim 1 and R 3 ' is as defined herein): 
15 12) l-(R 3, X')but-2-en-4-yl (wherein X 7 is as defined in claim 1 and R 3 ' is as defined 

herein); 

13) l-(R 3, X*)but-2-yn-4-yl (wherein X 8 is as defined in claim 1 and R 31 is as defined 
herein); 

14) C^alkylX^alkylR 3 ' (wherein X 9 is as defined in claim 1 and R 3 ' is as defined 
20 herein)). 

9. A cinnoline derivative as claimed in any one of claims 3 to 8 wherein R 4 is 
hydroxy, C, 3 alkyl, amino, or a group R 3 -X' (wherein X 1 is as defined in claim 1 and R* is 
methyl, ethyl, trifluoromethyi, 2,2,2-trifluoroethyl, 2-hydroxyethyl, 3-hydroxypropyl. 2- 

25 methoxyethyl, 3-methoxypropyl, 2-(methylsulphinyl)ethyl, 2-(methylsulphonyI)ethvl. 2- 
OLN-dimethylsulphamoyOethyl, 2-(N-methylsulphamoyl)ethyl. 2-sulphamoylethyl. 2- 
(N,N-dimethylamino)ethyk 3-(N,N-dimethylamino)propyl, 2-morpholinoethyl. 3- 
morpholinopropyl, 2-piperidinoethyl, 3-piperidinopropyl, 2-(piperazin-l-yl)ethyl. 3- 
(piperazin-l-yl)propyl, 2-(pyrrolidin-l-yl)ethyL 3-(pyrrolidin-l-yl)propyL (1.3-dioxolan-2- 

30 yl)methyl. 2-(l,3-dioxolan-2-yl)ethyl. 2-(2-methoxyethylamino)ethyl. 2-(2- 
hydroxyethylamino)ethyl. 3-(2-methoxyethylamino)propyl, 3-(2- 
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hydroxyethylamino)propyl, 2-methylthiazol-4- y lmethyl. 2-acetamidothiazoI-4-ylmethyI. |. 
methylimidazol-2-ylmethyl, 2-(imidazoM-yl)ethyI, 2-(l,2.3-triazol-l-yl)ethyl. 2-(l : 2,3- 
triazol-2-yl)ethyl, 2-(l,2,4-tria2ol-l- y l)ethvl, 2-(K2.4-tria 2 ol-4-yl)ethyK 4-pyridylmethyl. 
2-(4-pyridyl)ethyl, 3-(4-pyridyl)propyl, 2-(4-pyridyloxy)ethyl, 2-(4-pyridylamino)ethyL 2- 
5 (4-oxo-1.4-dihydro-l-pyridyl)ethyl or 2-thioraorpholinoethyl, 3-thiomorpholinopropyl, 2- 
(2-methoxyethoxy)ethyl, 2-(4-methylpipera2in-l-yl)ethyl or 3-(4-methylpiperazin-l- 
yl)propyl). 



10. A cinnoline derivative as claimed in any one of claims 3 to 9 wherein R 4 is 
10 methyl, ethyl, trifluoromethyl, 2,2,2-trifluoroethyl, 2-hydroxyethyl, 3-hydroxypropyl. 2- 
methoxyethyl. 3-methoxypropyl, 2-(methylsulphinyl)ethyl, 2-(methylsulphonyI)ethyI. 2- 
(N^-dimethylsulphamoyl)ethyl. 2-(N-methylsulphamoyI)ethyl, 2-sulphamoylethyl, 2- 
(N.N-dimethylamino)ethyl, 3-{N,N-dimethylamino)propyl, 2-morpholinoethyl. 3- 
morpholinopropyl, 2-piperidinoethyl, 3-piperidinopropyl, 2-(piperazin-l-yl)ethyl, 3- 
15 (piperazin-l-yl)propyl, 2-(pyrrolidin-l-yI)ethyI, 3-(pyrrolidin-l-yl)propyl. 2-(I,3-dioxolan- 
2-yl)methyl, 3-(l,3-dioxolan-2-yl)ethyl, 2-(2-methoxyethyIamino)ethyl, 2-(2- 
hydroxyethylamino)ethyl, 3-(2-methoxyethylamino)propyl, 3-(2- 
hydroxyethylamino)propyl. 2-methylthia2ol-4-ylmethyl, l-methylimidazoI-2-ylmethyl, 4- 
pyridylmethyl, 2-(4-pyridyl)ethyl or 3-(4-pyridyl)propyl. 

>0 

1 1 . A cinnoline derivative as claimed in any one of claims 3 to 7 wherein R* is a 
group R 5 -X' in which R 5 is as defined in claim I and X' represents -0-, -S-. -NR 4 CO- 
(wherein R 8 represents hydrogen or methyl) or NH. 



25 



12. A compound of the formula lb: 
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R 4b -X lb 

(lb) 

wherein R'" is hydrogen. C,. 3 alkoxy, or halogeno; R» is hydrogen; X ,b is -0-: R<» is C, 
3 alkyl, 2-(C,. 3 alkoxy)ethyl, benzyl, 4-pyridyl(C 1 . 3 aIkyl), morpholino(C,. 3 alkyI), 

10 P yrrolidtoo(C, 3 alkyl), 2-methylthiazol-4-yl(C, 3 alkyl), l-methylimidazol-2-yl(C M alkvl) 
and 2-((C l ,alkoxy)(C l ,alkoxy))ethyl; Z> is -NH- or -O-; mb is 2 or 3: and the phenyl group 
bearing (R\ b is selected from: 3-hydroxy-4-methylphenyl. 4-chloro-2-fluorophenyl. 4- 
bromo-2-fluorophenyl, 4-chloro-2-fluoro-5-hydroxyphenyl. 5-acetoxy-4-chloro-2- 
fluorophenyl. 2-fluoro-5-hydroxy-4-methylphenyl and 4-bromo-2-fluoro-5-hydr6xyphenv| ; 

15 and salts thereof. 

13. A cinnoline derivative as claimed in claim 1 selected from: 

4-(4-chlo ro -2-nuoro-5-hydroxyanilino)^methoxy.7-(2-methoxyethoxy)cinnoline, 
4-(4-bromo-2-fluoro-5-hydroxy^ 

20 4K2-nuoro.5-hydroxy^-memylanilino)-6-methoxy.7^2-memoxyethoxy)cinnoline. 
4-(2-fluo ro -5-hydroxy^methylanilino)^-memoxy.7.(3-morpholinopropoxy)cinnolin^ 

4-(2-fluoro-5-hydroxy-4-methylanilino)-6-methoxy-7-[(2-methylthia2ol-4- 
yl)methoxyjcinnoline, 

4-(2-fluoro-5-hydroxy^methylanilino)-6-methoxy-7-(3-pyn-olidinop^^ 
25 and salts thereof. 

14. A cinnoline derivative as claimed in any one of the claims 3 to 13 in the form 
of a pharmaceutical^ acceptable salt. 

30 1 5. A process for the preparation of a cinnoline derivative of formula I or salt 

thereof (as defined in claim 3) which comprises: 
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(a) the reaction of a compound of the formula III: 



R 2 L' 




(HI) 



10 



(wherein R 1 , R 2 and R 4 are as defined in claim 1 and L' is a displaceable moiety), with 
compound of the formula IV: 



15 




(R 3 ), 



m 



ZH 



(IV) 

(wherein Z is as defined in claim 1 and R J and m are as defined in claim 3) whereby to 
20 obtain compounds of the formula I and salts thereof: 

(b) for the preparation of compounds of formula I and salts thereof in which the group 
of formula Ha: 



25 ^ ^(R 3 ), 




m 



(Ha) 

(wherein R 3 and m are as defined in claim 3) represents a phenyl group carrying one or more 
hydroxy groups, the deprotection of a compound of formula V: 
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(0P) P 1 



(V) 

wherein R\ R\ R< and Z are as defined in claim LR 3 and mare as defined in claim 3. P 
10 represents a phenolic hydroxy protecting group and p' is an integer from 1 to 5 equal to the 
number of protected hydroxy groups and such that m-p' is equal to the number of R 3 
substituents which are not protected hydroxy; 

(c) for the preparation of those compounds of formula I and salts thereof wherein the 
substituent R< represents R'-X' in which R 3 is as defined in claim I and X' is -O, -S- or - 
15 NR«- (wherein R« is as defined in claim I), the reaction of a compound of the formula VI- 



20 




(VI) 

wherein X' is as defined herein, R', R', and Z are as defined in claim 1 and R 3 and m are as 
defined in claim 3 with a compound of formula VII: 

25 

R 5 -L' (VII) 
wherein R 5 is as defined in claim 1 and L' is as defined herein; 

(d) for the preparation of those compounds of the formula I and salts thereof wherein 
the substituent R< represents R'-X' the reaction of a compound of the formula VIII: 
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(VIII) 

with a compound of the formula IX: 

10 R'-X'-H (IX) 

(wherein R\ R 2 % R 5 , Z and X 1 are all as defined in claim 1, R 3 and m areas defined in claim 
3 and L 1 is as defined herein; 

(e) for the preparation of those compounds of the formula I and salts thereof wherein 
R 4 represents R 5 -X' in which X' is as defined in claim 1 and R 5 is C^alkylR 64 , (wherein R 64 
1 5 is selected from one of the following four groups: 

1) X ,0 C,.3aIkyl (wherein X 10 represents -O-, -S-, -SO r , NR 65 CO, NR 66 SO : or NR 67 (wherein 
R 65 , R 66 and R 67 each independently represents hydrogen, C,. 3 alkyl or C,. 3 aIkoxyC. 3 alkyl)); 

2) NR**R 69 (wherein R" and R 69 which may be the same or different are each hydrogen, C,. 
3 alkyl or C,. 3 alkoxyC 23 aIkyl); 

20 3) X^C^alkylX'R 24 (wherein X" is -0-, -S-, -S0 2 -, NR 70 C(X NR 7, SO : or NR 72 (wherein 
R 70 . R 71 and R 72 each independently represents hydrogen, C,. 3 alkyl or CLjalkoxyQ^alkyl) 
and X 5 and R 24 are as defined in claim 1); and 

4) an aromatic heterocyclic group selected from pyrrolyh imidazolyl, pyrazolyl and 
triazolyl (which aromatic heterocyclic group is linked to the C,. 5 alkyl moiety via a nitrogen 

25 atom of the heterocyclic ring and which aromatic heterocyclic group may carry up to 4 
substituents selected from halogeno, C M alkyI, C M alkoxy> C M hydroxyalkyK C,. 
4 hydroxyalkoxy, carboxy, cyano, CONR 73 R 74 and NR 75 COR 76 (wherein R" R 74 , R 75 and 
R 76 , which may be the same or different, each represents hydrogen or C M alkyl)), or a 5 or 6 
membered saturated heterocyclic group with one or two heteroatoms, of which one is 

30 nitrogen and the other one may be selected independently from O. S and N. (which 

heterocyclic group is linked to the C M alkyl moiety via a nitrogen atom of the heterocyclic 



A 1 
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group and which heterocyclic group may bear one or two substituents selected from 
halogeno, C M alkyl. C M hydroxyalkyl and C M alkoxy)), by reacting a compound of the 
formula X: 




(X) 

(wherein X», R', R 2 and Z are as defined in claim I , R 3 and m are as defined in claim 3. L' 
is as defined herein and R" is CMalkyl) with a compound of the formula XI: 

(XI) 

(wherein R 64 is as defined herein); 

and when a salt of a cinnoline derivative of formula I is required, reaction of the compound 
obtained with an acid or base whereby to obtain the desired salt. 

15 1 6. A pharmaceutical composition which comprises as active ingredient a 

cinnoline derivative of formula I or a pharmaceutically acceptable salt thereof as claimed in 
any one of claims 3 to 14 in association with a pharmaceutically acceptable excipient or 
carrier. 

20 1 7. A method for producing an antiangiogenic and/or vascular permeability 

reducing effect in a warm-blooded animal in need of such treatment which comprises 



administering to said animal an effective amount of a compound of formula i 
pharmaceutically acceptable salt thereof as claimed in claim 1. 



or a 
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